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1. INTRODUCTION 
1.1. Overview of Thesis 
This thesis describes the development and applications of a new computer- 
controlled magnetic inspection system known as the Magnescope Mark II. This inspection 
system is based on the previously used inspection systems described in Chapter 2. 
The design and construction of the Magnescope Mark II is described along with the 
improvements and additions made to the control and analysis software known as 
MAGNUM. Finally, some performance data is presented showing some of the applications 
of the instrument. 
1.2. Background 
One of the most common materials used today in industry is steel. Steel is used 
principally in construction, but is also used in the making devices such as transformers and 
motors. Since steel is a very important material, there is a great need for quality control and 
assurance in the production of steel and for evaluating the structural integrity of steel 
components. This last need has become a more critical issue in recent years as power plants 
are approaching the end of their designed lifetime and costly decisions are being made 
concerning whether steel components should be replaced. 
With the use of an inspection system, critical parts could be continuously 
monitored. The parts would then be replaced only if there was reason to suspect a part was 
likely to fail instead of replacing all the parts after a certain period in service. Since parts 
would be used to their full life and would not be replaced as often, enormous cost savings 
would result. 
Traditional methods used for the evaluation of steels, such as ultrasonics, 
radiography, and eddy currents, have problems in detecting some of the ways steel 
components can fail. Magnetic inspection techniques have recently been shown to 
overcome many of these problems. 
One of the more promising magnetic inspection techniques is the magnetic 
hysteresis technique. The results from this technique have the advantage of being traceable 
to fundamental properties of the material, which is not always the case for the other 
techniques. The Magnescope is the first portable instrument to use the magnetic hysteresis 
technique for evaluating the condition of steel components. 
1.3. Magnetic Inspection Techniques 
This section outlines some of the various magnetic inspection techniques used for 
evaluation of materials. Special emphasis is given to the magnetic hysteresis technique 
since this is the technique used in the Magnescope. The various techniques have been 
reviewed by Jiles [1]. 
1.3.1. Magnetic hysteresis 
The magnetic hysteresis curve is a plot of the magnetic induction (B) vs. the 
magnetic field (H). For ferromagnetic materials, this curve will exhibit hysteresis. Figure 
1.1 shows a typical hysteresis curve. The measurement of the magnetic hysteresis curve 
yields a number of independent parameters such as coercivity (Hc), remanence (Br), 
hysteresis loss (WH), initial permeability (j4'in), and maximum differential permeability 
O''max)- These parameters are indicated in Figure 1.1. Each of these parameters are 
affected by various material properties such as stress, fatigue damage, creep damage, 
temper embrittlement, heat treatment, and microstructure. With the number of independent 
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parameters obtained from the hysteresis curve, it seems reasonable that it should be 
possible to separate the effects of mechanical treatment from microstructure and determine 
the intrinsic properties of the material. 
Figure 1.1. Typical hysteresis curve with main parameters shown 
Research has been done to model the hysteresis and interpret the changes in the 
hysteresis in terms of fundamental changes in material properties. The effects of the quality 
of heat treatment of steels and the effects of stress on the hysteresis parameters have been 
studied and used successfully in the nondestructive evaluation of materials. A more 
complete model that has been successful in relating hysteresis parameters to material 
properties has been developed by Jiles and Atherton [2]. 
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1.3.2. Other techniques 
The magnetic Barkhausen effect consists of discontinuous changes in the magnetic 
induction caused by sudden irreversible motion of magnetic domain walls as they break 
away from pinning sites in response to changes in the magnetic field. Barkhausen activity 
occurs mostly when the magnetic field is near the coercive point. Investigations have 
determined empirical relationships between the magnetic Barkhausen effect and material 
properties such as stress, fatigue, grain size and microstructure. 
Magnetoacoustic emission is caused by microscopic changes in strain due to 
magnetostriction when discontinuous irreversible non-180° domain wall motion occurs. 
This effect is closely related to the Barkhausen effect since both are caused by 
discontinuous irreversible domain wall motion. By bonding a piezoelectric transducer to the 
material to be tested, the acoustic emissions can be detected. The acoustic emissions have 
been found to depend on stress since the stress in a sample affects the ratio of 180° and 
non-180° domain walls. 
In the residual field and remanent magnetization technique, the magnetic field close 
to the surface of a ferromagnetic material is detected. Variations in this magnetic field have 
been related to strain, microstructure, or heat treatment. This method is very similar to the 
magnetic flux leakage method used for flaw and defect detection. 
Magnetoelastic methods measure the acoustic velocity in the presence of a magnetic 
field. It is known that both magnetic field and applied stress affects the velocity of sound in 
ferromagnetic materials. Recent investigations have shown how stress affects the rate of 
change of acoustic velocity with magnetic field. 
5 
1.4. Measurement of Magnetic Hysteresis 
The magnetic hysteresis curve is obtained by measuring the magnetic induction and 
the magnetic field while the magnetic field is swept through all possible values. The 
principal methods used today to measure the magnetic induction and the magnetic field are 
discussed below. 
1.4.1. Measurement of magnetic induction 
Of the many methods used to measure the magnetic induction (B), the methods 
based on a stationary coil are the most commonly used in the measurement of magnetic 
hysteresis. The three most popular methods, based on the stationary coil, use a chopper 
stabilized integrator, a voltage-to-frequency converter, or numeric integration. 
All three of these methods use Faraday’s law of electromagnetic induction which 
states that the emf induced in a coil is: 
where N is the number of turns and <J> is the flux passing through the coil. Since B=<J>/A, 
where A is the cross sectional area of the coil, an expression for B can be found as: 
Therefore, to determine B, the voltage across the coil must be integrated and scaled 
by the factor -1/NA. The three methods discussed here perform this integration in different 
ways. 
1.4.1.1. The chopper stabilized integrator. This method performs the 
integration by using an electronic integrator made with an operational amplifier with 
(1.1) 
(1.2) 
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capacitive feedback. The basic integrator circuit is shown in Figure 1.2. The input-output 
voltage relationship is given by: 
Although this circuit will perform the required integration, it is generally not used since it 
has poor drift stability. 
Figure 1.2. Basic integrator 
A more sophisticated version of the basic integrator circuit, known as the chopper 
stabilized integrator (Figure 1.3) [3], is used instead of the basic integrator circuit. This 
circuit has extremely good drift stability while maintaining a wide integrating bandwidth. 
These features make this circuit the best choice for this application. This circuit separates 
the high frequency signal components from the low frequency and DC components. The 
low frequency and DC components are then modulated by a chopper to be amplified. The 
second amplifier then sums the two parts back together. The chopper stabilized integrator is 
very popular and is currently being used in many commercially available fluxmeters. 
(1.3) 
C 
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Reset Switch 
Figure 1.3. Chopper stabilized integrator 
1.4.1.2. The voltage-to-frequency converter. A voltage-to-frequency 
converter (VFC) is used to perform the integration in this method [4]. A VFC produces a 
number of output pulses which is proportional to the input voltage. By counting the 
number of output pulses over a time interval, the integral of the input voltage can be found. 
To measure B with this method, the voltage from the coil is fed into a VFC whose output is 
fed into a digital counter as shown in Figure 1.4. The output of the counter can then be 
scaled to determine B. 
The VFC used must be a bipolar type since the output of the coil will reverse 
polarity during a trace of the hysteresis loop. This type of VFC will have two outputs, one 
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Pulses 
Figure 1.4. Fluxmeter using a voltage-to-frequency converter 
active when the input is positive and the other active when the input is negative. The digital 
counter used must have two inputs, one to count up and one to count down. The counter 
will then count up when the input to the VFC is positive and will count down when the 
input to the VFC is negative. 
The accuracy of the integration is limited by the linearity of the VFC. Calibration of 
the VFC is based on the volt and the second, so traceability to international standards is 
direct and easily managed. This method also has no problems with drift which is a problem 
with the electronic integrator. 
I.4.I.3. Numerical integration. Numerical integration is a rather new method 
for measuring the magnetic induction since the ability to perform numerical integration on a 
computer has only been feasible for the last few years. 
In this method, the voltage from the coil is digitized by an analog-to-digital 
converter and read into a computer [5]. The computer then determines the magnetic 
induction by numerically integrating the voltages read in. Drift and offset errors can be 
easily eliminated by further digital processing. 
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1.4.2. Measurement of magnetic field 
Presently there is no known way to measure the magnetic field strength (H) 
directly. One can only measure it indirectly. Three of the more popular ways to measure the 
magnetic field strength are described below. In these methods, either the magnetic 
induction (B) in free space is measured and multiplied by the permeability of free space to 
calculate H or H is calculated from the measured current used to generate the H field. 
1.4.2.1. Hall effect magnetometers. The Hall effect magnetometer is the 
most popular way to measure H and offers many advantages over the other methods. These 
devices do not have any drift problems like those encountered in the stationary coil 
methods. The Hall element can also be fabricated to a very small size, 1.0 mm2, which 
gives the ability to measure the magnetic field with high spatial resolution. The only 
problems with these devices are deviations from linearity at higher fields and a variation of 
output voltage with temperature. A detailed discussion of the sources of error in using a 
Hall element to measure the magnetic field and some precautions to achieve the highest 
accuracy has been discussed by Poole and Walker [6]. 
In these devices, a magnetic field is applied perpendicular to an electric current 
flowing in a material known as the Hall element. The magnetic field causes a transverse 
Lorentz force on the charge carriers. This causes an accumulation of charge along the sides 
of the Hall element which will produce a voltage perpendicular to the plane containing the 
current and magnetic field. This voltage is the Hall voltage and varies approximately 
linearly with the magnetic field if the current is kept constant. The material used for the Hall 
element will affect the magnitude of the Hall voltage. Most commercial Hall probes are 
made of InSb. 
1.4.2.2. Coil. In this method, a coil much like that used to measure B is used. 
The only difference is, in this case, the coil is not wrapped around the sample, as would be 
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the case in measuring B, but is suspended in free space near the sample. Since the coil is in 
free space, the value of B measured by this coil can be converted to H by multiplying it by 
the permeability of free space. 
This method is not very popular since it suffers from drift. Also, the coil can not be 
made very small and this may lead to errors if the magnetic field is not uniform over the 
area of the coil. 
I.4.2.3. Current measurement. H can be calculated in certain situations by 
measuring the current used to produce a magnetic field. These situations arise when a 
magnetizing coil is wrapped on a toroid or in a long solenoid. In these cases, H is simply 
the current multiplied by the number of turns in the coil divided by the length of the coil. 
The current can easily be measured by placing a resistor in series with the magnetizing coil 
and measuring the voltage across the resistor. This method is very simple, but can be used 
in only a limited number of situations where the relationship between H and current can be 
found. 
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2. PREVIOUS WORK 
This chapter describes the previous inspection systems the Magnescope Mark II is 
based on. The control software that was used with these systems are also described. 
2.1. Multiparameter Magnetic Inspection System 
The Multiparameter Magnetic Inspection System [7], was designed for laboratory 
use and is capable of simultaneous measurement of magnetic hysteresis, magnetostriction, 
and Barkhausen effect. This system is physically very large and therefore stationary. 
Samples used by the system must also be specially prepared. A block diagram of the 
instrument is shown in Figure 2.1. An IBM PS/2 model 30 computer was used for process 
control and to acquire data by using the Tecmar Lab Master data acquisition system, the 
Tecmar IEEE-488 interface card, and the Nucleus multi-channel analyzer card. 
A digital-to-analog (D/A) converter on the data acquisition system was used to 
control a Kepco bipolar power supply. This was used to power a standard laboratory 
electromagnet which applies a magnetic field to the sample. The magnetic field was 
measured by a Hall probe which is placed on the sample and is controlled by the 
gaussmeter. The magnetic induction is measured with the fluxmeter which uses a coil 
wound around the sample. Magnetostriction was measured using a strain gage mounted on 
the sample and a Micro Measurements Group model 3800 wide range strain indicator. The 
analog output voltage from the gaussmeter, fluxmeter, and the strain indicator were all 
digitized by the data acquisition system and stored by the computer. 
12 
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Barkhausen measurements were made using a second coil wound around the 
sample. The signal from this coil was then amplified and filtered using a bandpass filter. 
Two ways were then used to measure the resulting signal. First, the count rate was 
measured using a universal counter connected to the computer via the IEEE-488 bus. 
Second, pulse height analysis was performed by rectifying and amplifying the signal and 
then analyzing the resulting signal by the multi-channel analyzer card. 
Another feature of this system was the use of three X-Y chart recorders, which 
were used to monitor the magnetic field, magnetic induction, and the strain while the 
measurement was performed. This monitoring allowed the operator to immediately 
determine whether an inspection was being performed correctly. 
2.2. Magnescope Mark I Inspection System 
This inspection system [8] is a portable version of the Multi parameter Magnetic 
Inspection System just described. This instrument is the first generation of the instrument 
discussed in this thesis. To make the instrument portable, the magnetostriction and 
Barkhausen measurement capabilities were not implemented and X-Y chart recorders were 
not used. Also a special inspection head was designed, which eliminated the use of the 
laboratory electromagnet and obviated the need to specially prepare the samples. 
Like the previous system, this system is controlled by an IBM PS/2 model 30 
computer using the Tecmar Lab Master data acquisition system. A D/A converter is used to 
control a Kepco Bipolar power supply, which generates the magnetic field in the sample by 
using a power winding in the inspection head. 
The magnetic field is measured with a gaussmeter and a Hall probe located in the 
inspection head. The magnetic induction is measured with a fluxmeter using a flux coil also 
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located in the inspection head. Both the gaussmeter and fluxmeter outputs are acquired by 
the data acquisition system. 
The computer, data acquisition system, power supply, gaussmeter, and fluxmeter 
are housed in a steel cabinet. External to the cabinet are the keyboard and monitor for the 
computer. 
2.3. Control Software - MAGCON and DATPACK 
The software that was used to control the Multi parameter Magnetic Inspection 
System consisted of a collection of BASIC programs written by Jiles. Inspections were 
performed by the program named MAGCON, which controlled the equipment and data 
acquisition. Data analysis were then performed by the programs DATPLOT, DATCALC, 
and HCHANGR, collectively known as DATPACK. Plots could be made from the 
acquired data using DATPLOT and the various parameters related to the inspection were 
calculated using DATCALC. HCHANGR was used to process the data using a procedure 
hard coded into the program. 
This collection of programs suffered from a number of problems. The programs 
were hard to use and using a BASIC interpreter made execution slow. Adaptation to 
different hardware configurations was not possible and the programs were quite limited, 
especially in being able to manipulate the data. 
2.4. Control Software - MAGGOT 
2.4.1. Features 
To overcome the problems that were encountered with the previous collection of 
programs, a new unified program was developed by Hariharan [9]. This program 
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combined all the functionality of all the previous programs along with improved data 
manipulation routines and a graphical user interface to make the program easier to use. To 
improve the performance, the program was written in C. Since the program needed to 
provide all the functionality of the previous programs, the old programs were translated 
into C and incorporated into the program. 
The data acquisition capabilities of MAGGOT were similar to those provided by 
MAGCON and included routines to demagnetize a sample and perform a single hysteresis 
loop measurement. Data that could be acquired by MAGGOT included the magnetic field, 
magnetic induction, Barkhausen pulse height, and Barkhausen count rate. The ability to 
graphically observe the data as it is acquired was also included, giving the operator 
feedback on how the inspection was progressing. The Magnescope Mark I needed this 
feature, since it did not have the X-Y chart recorders that the Multiparameter Magnetic 
Inspection System had used for operator feedback. 
The data analysis section of the program calculated the parameters related to the 
inspection and were similar to DATCALC. Some improvements were made which 
improved how some the parameters are calculated. Some additional parameters are also 
calculated by MAGGOT. The integration of these routines made it possible to perform the 
data analysis immediately after an inspection was run. 
A number of data correction routines were included to compensate for the effects of 
minor instrument or operator errors. These routines include fluxmeter drift compensation, 
data smoothing, adding offsets to correct asymmetry, and removing background noise in 
the Barkhausen pulse amplitude distribution. 
MAGGOT has a number of ways to output the data and the calculated parameters. 
The acquired data could be saved to a disk file using one of two different formats: ASCII 
text file or a binary data file. Both the acquired data and the calculated parameters could be 
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printed. Also 19 different types of plots could be made of the data. These plots could be 
displayed on the computer screen or printed on an attached plotter. 
2.4.2. User interface 
MAGGOT uses a graphical user interface that was modeled after X-Windows. This 
interface was written specifically for this application by Hariharan. Almost all operations 
are performed using a mouse which makes using the program very simple. Windows are 
used to show the results of the data analysis and plots of the data as shown in Figure 2.2. 
The user can move, resize, and delete the windows through the use of a pop-up menu. 
File Data Plot Inspect ftnalyge Macro Options Utility Help1 
\ b iSRESULTSMESTOi ..DAT b:\TtrSULTS\TEST02.DAT i 
Source file testOl A 4 Source file test02 g 
Dete creeted unknown 2 Dete creeted unknown 
Dete set 944-point SINGLE LOOP Dete set 944-point SINGLE LOOP 
Coerciwity 46.2194 Oe Coerciuity 19.8826 Oe 
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Loss 148544.62 •rgs/cc Loss 77830.13 erys/cc 
Drift 0.1463 X ▼ Drift O . 1466 X ▼ 
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146K 11:12 
Figure 2.2. The calculated parameters and plots for two data sets as displayed by 
MAGGOT 
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Operations are performed using pull-down menus as shown in Figure 2.3. Clicking 
on one of the menu titles listed along the top of the display causes the menus to be 
displayed. The user then clicks on one of the menu choices which will either remove the 
menu (the “Cancel” option), display a sub-menu, or perform an operation. 
Dialog boxes and option boxes are used to get user input. Figure 2.4 shows a 
typical dialog box. Items in the dialog can include text, fields, and check boxes. Fields are 
used for entering numeric and string data by the user and check boxes are used for enabling 
or disabling an option. A typical option box is shown in Figure 2.5 and allows the user to 
select one option from a limited number of options. 
Figure 2.3. A typical pull-down menu in MAGGOT 
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2.5. Problems with the Previous Hardware and Software 
A number of problems existed with the Magnescope Mark I and the control 
software, MAGGOT. Even though this system was a vast improvement in ease of use and 
portability of a magnetic inspection system, further improvement still could be made in both 
of these areas. 
The Magnescope Mark I was still quite heavy and large in size making it difficult to 
transport easily. The external components, especially the CRT monitor, also added to the 
difficulty in transporting this instrument. The instrument also lacked a number of small 
features that would make it much easier to use. These features include automatic resetting 
of the fluxmeter before an inspection and controlling the maximum power supply output 
without using a screwdriver. 
MAGGOT had many bugs in it causing the program to occasionally crash or to 
control the inspections incorrectly. Also many of the features that were promised were 
either partially implemented or not implemented at all. Some of these features not 
implemented included adapting to different hardware, configuration files, user help, and the 
initial and anhysteretic magnetization inspection routines that were implemented in 
MAGCON. MAGGOT also suffered from a weak internal structure which was a result of 
using many of the MAGCON routines without modification. The layout of some of the 
pull-down menus and dialog boxes in MAGGOT were also deficient, which could be 
confusing to the user. MAGGOT also did not use ellipses (...) and triangles in the menus 
which indicate that the menu choice brings up a dialog box or a submenu respectively. 
These items were added to the menus in the new version of this program as shown in 
Figure 2.3. 
The custom user interface used by MAGGOT made the program surprisingly easy 
to operate considering the operation is very primitive compared with main stream user 
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interfaces like Microsoft’s Windows or the Macintosh user interface. The more powerful 
user interfaces provide a rich collection of methods to interact with the user, allowing the 
programmer to make the program very intuitive. Since the interface used in MAGGOT only 
offers a small number of ways to interact with the user, a number of areas are not very 
intuitive or easy to perform, like closing a window or selecting an item in a dialog box from 
a small group of items. This interface does have the advantage of being very fast and 
requires very little system resources allowing it to run with no problems on the IBM PS/2 
model 30 that is in the Magnescope Mark I; a computer that is too small to effectively run 
Microsoft’s Windows. 
The new instrument that was developed and described in the next chapter addresses 
many of the problems with the Magnescope Mark I. The program MAGGOT, which is 
now known as MAGNUM was improved in many ways, correcting many of the 
deficiencies outlined above. These improvements are discussed in Chapters 4 and 5. 
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3. MAGNESCOPE MARK II 
The hardware construction of the Magnescope Mark II is described in this chapter. 
The operation of the instrument is discussed along with the design goals for the instrument. 
Also described are the design decisions, construction details, and new features. 
3.1. Design Goals 
The main design goal to be met in the construction of the Magnescope Mark II was 
to build a new instrument similar to the Mark I with modifications to suit the needs of the 
potential market for this instrument. These modifications were to include designing the 
instrument to be more portable by making it more compact and reducing the power 
requirements and total weight. The Mark II should also to be easier to use and more refined 
than the Mark I. This was to be accomplished by having the computer control more of the 
hardware, making the appearance clean and professional, and improving the control 
software. 
3.2. Block Diagram 
The block diagram for the Magnescope Mark II is shown in Figure 3.1. The 
instrument contains a power supply, gaussmeter, fluxmeter, an inspection head, and a 
small portable computer with a state-of-the-art data acquisition system. All the components 
in the system are operated by the computer through the data acquisition system. During a 
measurement, the computer controls the output of the power supply which produces a 
magnetic field in the inspection head via the power winding. The magnetic field is 
measured by the gaussmeter using a Hall probe in the inspection head. The magnetic 
induction is measured by the fluxmeter using the flux coil in the inspection head. The 
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output of the gaussmeter and fluxmeter are digitized by the data acquisition system and are 
stored and analyzed by the computer. 
The inspection head is placed on the specimen to make the measurement. Two coil 
windings are wound on a soft iron C-core in the inspection head. The first coil is the power 
winding and is used to generate a magnetic field in the C-core and the sample. The second 
Figure 3.1. Block diagram of the Magnescope Mark II 
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coil is the flux coil and is used to detect the magnetic induction in the C-core and the 
sample. Also in the inspection head is a Hall probe which is used to measure the magnetic 
field in the sample. The Hall probe is placed between the poles in the inspection head so it 
detects the field on the surface of the sample as accurately as possible. 
3.3. Component Selection 
The major components in the Magnescope are the computer, data acquisition 
system, power supply, fluxmeter, and gaussmeter. Due to the time and cost constraints of 
this project, “off the shelf’ components were selected whenever possible. Selection of the 
various components was based on the requirements for that component and the design 
goals outlined earlier. 
3.3.1. Computer 
The computer controls the entire instrument through the data acquisition system, 
records all the measurement data and performs all the data analysis. To be compatible with 
existing software developed for the Magnescope Mark I and other software and hardware 
that was available in the lab, it was necessary to use some form of an IBM PC compatible. 
Making the instrument more portable, smaller, and lighter indicated the use of a portable or 
lap-top computer. The only problem with this type of computer is that few have expansion 
slots which are necessary to install a board containing the data acquisition system. 
After surveying all available options, the DataWorld Portacomp III 386-25 portable 
computer was chosen. This computer has the following features: 
1. Uses the Intel 80386 processor running at 25 MHz. 
2. 2MB RAM. 
3. 1.44MB 3.5" Drive. 
4. 40MB hard drive. 
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5. 1 parallel and 2 serial ports. 
6. 80387 math co-processor. 
7. Integrated VGA plasma display. 
8. Two full size AT expansion slots. 
This computer met the design goals since being a portable computer, it was 
compact, light, and easy to transport. The IBM PS/2 model 30 that was used in the Mark I 
was quite bulky especially in the display. It used a 12" CRT display where the Portacomp 
III has an integrated plasma display. The feature of having two slots for full size AT cards 
made it easy to install a data acquisition system into this computer. 
3.3.2. Data acquisition system 
The data acquisition system needs to perform three separate tasks: analog-to-digital 
conversion (A/D), digital-to-analog conversion (D/A), and digital I/O. A/D conversion is 
used to acquire the results from the gaussmeter and fluxmeter whose output are in the form 
of an analog signal. D/A conversion is used to generate a bipolar signal to control the 
output of the power supply generating the magnetic field. Digital I/O is presently not used 
very extensively, but one digital output line is needed to control the fluxmeter reset feature. 
The Metrabyte DAS-20 data acquisition system was chosen for this instrument. 
This system has the following features: 
1. 12-bit resolution for the A/D and D/A converters. 
2. 16 single-ended A/D input channels. 
3. 100,000 samples per second maximum A/D conversion rate. 
4. Software programmable gains of 0.5, 1, 10, 100 with bipolar inputs. 
5. 2 D/A output channels with 130,000 conversions per second maximum output 
rate. 
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6. 16 digital I/O lines (8 output lines and 8 input lines). 
7. 2 available counter/timer channels. 
8. Compatible with IBM PC, PC/XT, and PC/AT or compatibles. 
9. All external connections are made through a 50 pin Centronics connector. 
Since this system is contained on one full size PC card, it can be placed entirely 
inside the computer. A single cable can then be used to connect the data acquisition system 
to the external equipment. The system used in the Mark I has an external box and uses 3 
ribbon cables to carry the signals between the card in the computer to the external 
equipment. The system met the design goals since it has easier connections to the outside 
world and has less components than the previously used system. The capabilities of this 
new system are also greater allowing more flexibility in future modifications without 
changing the hardware. 
3.3.3. Power supply 
The power supply in the Magnescope is used to create the magnetic field in the 
inspection head by delivering a current to the power winding. Since the magnetic field is to 
be varied both in amplitude and direction by computer control, the power supply output 
must be both externally controlled and bipolar. On past systems, the power supply was 
controlled by a bipolar analog signal generated by a D/A converter. In this mode the power 
supply acts like an amplifier increasing the current drive of the D/A converter output. 
Maximum current output also needs to be on the order of a few amperes to produce the 
desired maximum magnetic field. 
After surveying what was available with the necessary features and which met the 
project’s design goals, the Kepco BOP-20-10M was selected. This is a bipolar power 
supply capable of voltages of ±20V and currents of ±10A. The output of this power supply 
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can be varied by an external bipolar voltage so a D/A converter can be used to control the 
output. 
This power supply is similar to the power supply used in the Mark I except it is 
smaller and lighter. The Mark I power supply has twice the current drive (±20A). Previous 
work on the Mark I indicated that currents over 10A were very rarely used so the reduction 
in current capacity would not affect the usefulness of the instrument. By choosing a smaller 
power supply, both the size and weight could be reduced. This smaller power supply is 1/3 
smaller and weighs 41 lbs. which is 27 lbs. lighter than the Mark I power supply. 
3.3.4. Fluxmeter and gaussmeter 
The fluxmeter is used to measure the magnetic induction. This is accomplished by 
integrating the voltage produced by the flux coil. The integration process can produce drift 
by integrating small offset voltages which can also vary with temperature. To minimize the 
error produced by drift, the fluxmeter needs to be designed to have minimum drift and 
provide control to correct for any drift present. 
The gaussmeter measures the magnetic field by using a Hall probe. A constant 
stable current is needed to power the Hall probe and a sensitive amplifier is used to measure 
the output. 
A fluxmeter and gaussmeter from Walker Scientific were used. These were chosen 
over the Dowty RFL fluxmeter and gaussmeter that were used in the Mark I. These meters 
from Walker Scientific are easier to operate and were known to be leading instruments in 
the field. The use of these meters will allow the new Magnescope to make very high quality 
measurements. 
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3.4. Construction Details 
This section describes how the Magnescope Mark II was assembled and wired. 
Also described are some new features added to the Mark II design: the ability to reset the 
fluxmeter and the inspection head connector. 
3.4.1. Assembly 
The Magnescope Mark I was constructed with computer, data acquisition system, 
power supply, fluxmeter, and gaussmeter which were all housed in a custom designed 
metal case. External to the metal case was the computer monitor and keyboard and the 
inspection head. 
The new Magnescope Mark II, the power supply, gaussmeter, and fluxmeter are 
housed inside a case. The inspection head and the computer, which contains the data 
acquisition system, are outside the case. A photograph of the Magnescope Mark II is 
shown in Figure 3.2. This arrangement met the design goals fairly well. The portable 
computer was designed to be portable, so it was naturally compact, small and light. The 
main case was smaller and lighter than the Mark I’s case since it did not contain the 
computer and a smaller and lighter power supply was used. 
Different options for the case for the new Magnescope were investigated. Instead of 
using a metal case built in-house, a portable rack mount case from Skydyne was used. This 
case is constructed out of fiberglass making it much lighter than a metal case. This case also 
has a more polished refined look, making the instrument much more aesthetically pleasing. 
The power supply, fluxmeter, and gaussmeter were mounted in the case via rack mount 
adapters made for these components. 
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3.4.2. Wiring 
To streamline the wiring and to keep the instrument looking neat, all the wiring 
connecting the components together were made using connectors at the rear of the 
components. Shielded cable was used for all the wiring to keep noise levels low. 
Figure 3.3 shows the wiring connections between the components. The cable from 
the data acquisition system connects to a screw terminal board which allows the data 
acquisition system to be easily connected to the wires from the power supply, fluxmeter, 
and gaussmeter. The outputs of the gaussmeter and fluxmeter are connected to channels 0 
and 1, respectively, of the A/D converter. Channel 2 of the A/D converter is connected to 
the power supply to monitor the actual current produced by the power supply. The power 
supply is controlled by the voltage produced by the D/A converter channel 0. The amplitude 
of this voltage can be varied using a potentiometer connected before the power supply. A 
10-turn potentiometer was used which was mounted on a front panel of the instrument. 
One of the digital output lines (D07) was used to control the fluxmeter reset feature that 
will be described in the next section. 
Connections to the power supply were made using the rear programming connector 
on the back of the unit. The wiring of this connector is shown in Figure 3.4. The power 
supply can be configured so the control voltage regulates the output voltage or the output 
current. It made the most sense to have the control voltage regulate the output current, since 
the magnetic field in a coil is dependent on the current in the coil. 
The wiring needed to connect the inspection head to the fluxmeter, gaussmeter, and 
power supply will be described in Section 3.5.4. 
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To Data Acquisition System 
Figure 3.3. Wiring diagram for the Magnescope Mark II 
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Note: C denotes common and is located on pins 23, 25, 27, 29, 31, 33. 
Figure 3.4. Wiring diagram for the PC 12 power supply connector 
3.4.3. Fluxmeter reset 
The fluxmeter is basically an integrating voltmeter and is thus susceptible to drift in 
its output. For the most accurate measurements, the drift control must be carefully adjusted 
to provide minimum drift and the meter needs to be reset to zero before each measurement. 
Resetting the fluxmeter was performed manually on the previous Magnescope. 
By adding some additional circuitry to the fluxmeter, it was possible to have the 
computer automatically reset the fluxmeter before every measurement. This made the 
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process of measurement a little easier and eliminated one step that an operator could easily 
overlook. 
The additional circuit added to the fluxmeter is shown in Figure 3.5. The circuit 
consists of a relay that is controlled by one of the digital output lines from the data 
acquisition system. The normally open contacts of the relay are wired parallel across the 
reset switch in the fluxmeter. When the relay is energized, the contacts close, resetting the 
fluxmeter. 
Since the digital output lines from the data acquisition system have insufficient 
current drive to energize the relay, a PN2222 transistor is used to drive the relay. When the 
digital output line (VJN) is low, the transistor is off and the relay is de-energized. When VIN 
is high, the transistor is on and the relay is energized. The resistor in series with the relay is 
used to drop the voltage across the relay to its rated value of 5V since a 5V supply was not 
+15V 
VIN 
To Reset 
Switch 
Figure 3.5. Fluxmeter reset circuit 
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available. The 15V used to power the relay was borrowed from the ±15V supply of the 
fluxmeter. 
3.4.4. Inspection head connector 
The inspection head needs to be connected to the fluxmeter, gaussmeter, and power 
supply. On the Magnescope Mark I, each of the three connections were made with a 
separate wire attached to the front of each of the three instruments. To make these 
connections neater and more organized on the Mark II, a new inspection head connector 
was added to a front panel which combined the fluxmeter and gaussmeter connections. By 
locating this connector near the bottom of the instrument, all the inspection head 
connections are near the bottom and do not crisscross in front of all the instruments which 
occurs on the Mark I. 
With this inspection head connector, only two connecting wires are needed: one to 
the power supply to carry the current to the inspection head and another to carry all the 
signals generated in the inspection head to the fluxmeter and gaussmeter. Combining all the 
connections into one connector was considered unnecessary since the power supply lines 
and the signal wires have different requirements making the connection much more 
complex. Also combining all the lines would increase the chance of noise being coupled 
from the power supply lines to the signal lines. 
The inspection head connector is a 9-pin circular plastic connector from AMP and is 
wired to input jacks on the rear of the fluxmeter and gaussmeter. The pinout of this 
connector is shown in Figure 3.6. 
One added benefit of this connector over the connectors used on the Mark I, is the 
ability to exploit the use of calibration resistors that the Walker Scientific gaussmeter uses 
to simplify the calibration of the Hall probe. Using this system, calibration of the Hall 
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probe in the inspection head is done with a calibration resistor which is placed either in the 
inspection head or its plug. After the first calibration, the inspection head will remain 
calibrated since the calibration is part of the inspection head and not the gaussmeter. No 
calibration is needed when swapping previously calibrated inspection heads. Instructions 
for calibrating the gaussmeter for either an inspection head using a calibration resistor or the 
older style without the calibration resistor are in Appendix A. 
Gaussmeter 
Fluxmeter 
Control Current 
Hall Voltage 
Calibration Resistor 
Flux Coil Not Used 
Flux Coil (Common) 
Figure 3.6. Pinout of inspection head connector 
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3.5. Improvements over the Magnescope Mark I 
The Magnescope Mark II has many improvements over the Mark I as described in 
the previous discussion. The Mark II is both smaller and lighter making it much more 
portable than the Mark I. Most of the improvement in this area were the result of careful 
selection of the components that make up the Magnescope. Improvements that made the 
Mark II easier to use include the automatic fluxmeter reset and the inspection head 
connector. Attention to other details such as the case, mounting of the components, and 
wiring has resulted in an instrument that looks more refined and more rugged than the 
Mark I. 
36 
4. SOFTWARE DEVELOPMENT 
The program MAGNUM, formerly called MAGGOT, is a unified program that was 
designed to be used with magnetic inspection hardware such as the Magnescope Mark II 
and Mark I. This program integrates the functions of process control, data acquisition, data 
analysis, and data presentation capabilities which were performed by separate programs 
before the development of this program. 
4.1. Design Goals 
The design goal for the software development was to continue to develop and 
improve the program MAGNUM. New capabilities and features were to be added to the 
program. These additions include changes to make to the program work with the 
Magnescope Mark II, adding new inspection and analysis routines, adding the ability to use 
the SI system of units, and adding macro capabilities. The program was also to be 
improved to make the program easier to use and to maintain and add new features to. Some 
of these improvements include adding configuration files, improving the layout of the 
menus and dialogs, and reorganizing the program using structured programming and 
object-oriented programming techniques. 
4.2. Improvements in Structure and Organization 
This program was originally created by combining a collection of programs written 
by Jiles with a graphical user interface. This original collection of programs were written in 
BASIC for the IBM PC. Since MAGNUM is written in C, these programs were translated 
into C. This translating, along with combining all the pieces with a custom written user 
interface, was prior to the development of the program reported in this thesis. The task of 
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this previous work was quite involved so to expedite the development, little structure was 
imposed when translating, the unstructured BASIC code. This resulted in hundreds of 
global variables and declarations scattered throughout the 12 modules that made up the 
program. This made it almost impossible to maintain or add new features to the program. 
4.2.1. Overview of improvements 
To make the program easier to work with, structured programming concepts were 
implemented into the program. These concepts included increased use of function 
parameters, grouping variables together in structures, and making extensive use of header 
files. Making changes where possible to use more function parameters could reduce the 
total number of global variables used. Grouping the variables into structures organizes the 
variables, making them easier to keep track of and makes operations on the group possible 
allowing the code to be streamlined in a few areas. MAGNUM previously used no header 
files for its own global variable and function declarations. Each of the 12 modules in the 
program had its own declarations making changes very difficult since some or all of the 
modules had to be modified. By moving all these declarations into header files, only one 
copy of these declarations exists making the declarations much easier to maintain. 
Further improvements were also needed to allow new inspections to be treated 
independently of other inspections and more easily added to the program. MAGNUM had 
the ability to perform different inspections, but there was only one analysis procedure 
which caused a coupling to occur between the different inspections. Also since all the 
variables used to store the data for the inspection had to be global, new inspections had to 
use different variables causing more global variables to keep track of. These problems were 
solved by using object-oriented programming techniques. 
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4.2.2. Global variable organization 
As stated earlier, the large number of global variables used in the program made the 
program very hard to maintain and extend. Reducing the number of global variables 
through increased use of function parameters was achieved wherever possible. This 
eliminated a few global variables, although most could not be eliminated this way. Most of 
the remaining global variables were found to be either used for configuration of the 
program or used to store the data and results of the inspections. This last group of variables 
was eliminated as global variables through the application of object-oriented programming 
techniques made in the reorganization of the inspection routines. 
The remaining global variables, which consisted now mainly of configuration 
global variables, were organized through the use of structures. Ten structures were added 
which grouped together the configuration global variables that related to each other. The 
definitions for these structures can be seen in the header file “MP.H” located in 
Appendix B. 
4.2.3. Header files 
The use of header files allowed the program to consolidate into a few files all the 
declarations that were needed for each of the program modules. This would make changes 
much easier and much less error prone than before, since only one file would need to be 
changed instead of some or all of the 12 modules. 
Three header files were added. The main header file is “MP.H” which includes 
statements to include all the other necessary header files that are needed, definitions for all 
constant expressions used, definitions for all the structures used, and all the class 
definitions. The second header file declares all the global variables used in the program. 
Since these declarations are to be used with all the modules, the variables are declared 
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“extern” so storage is not allocated. The actual allocation of the global variables is 
performed in the module “MP’ which contains the main program routines. The last header 
file declares functions that can be used globally in the program. This consolidates all the 
function declarations that are used between program modules. 
With these header files, each program module only has to include “MP.H” instead 
of a long list of includes, defines, and declarations. The three header files neatly organize 
all these items making the program much easier to work with. 
4.2.4. Reorganization of the inspection routines 
Object-oriented programming was used to organize the inspection routines and the 
global variables that they utilized for data and analysis results. First an overview of some of 
the basic concepts of object-oriented programming will be given. This will be followed by 
a discussion on how the reorganization of the inspection routines was implemented. 
4.2.4.I. Overview of object-oriented programming. In object-oriented 
programming, functions and variables are grouped together in an object. The variables can 
only be accessed by member functions, which are the functions that are in the object, and 
not by functions outside the object. This protects the variables from outside functions that 
are not suppose to modify these variables. All operations performed on the variables in the 
object are to be done by the member functions. This grouping of the variables and 
functions inside an object is known as encapsulation. 
An object belongs to a class which defines how the object is implemented. The 
relationship of an object to a class is very similar to the relationship of a variable to a type. 
One of the more powerful features of object-oriented programming is inheritance. 
Inheritance is where a new class can be defined in terms of a previously defined class. The 
new class then inherits all the variables and member functions of the existing class which is 
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known as the base class. New variables and member functions can then be added to the 
new class. New member functions can also override member functions in the base class. 
This feature allows new capabilities to be easily added. Since the new class can inherit 
everything that is similar, only items that are different need to be added. 
Another powerful feature of object-oriented programming is polymorphism. In 
object-oriented programming, member functions are executed when a message is sent to an 
object. Sending a message to an object is similar to a normal function call. Polymorphism 
is the ability to send the same message to objects of different classes. This allows a call to a 
member function to invoke possibly different member functions depending on which object 
the call was referenced with. With this feature, objects of new classes can be added and any 
routine that sends messages to similar objects can automatically send messages to these 
new objects with no modifications. The power of all these features of object-oriented 
programming were used in the reorganization of the inspection routines. 
4.2.4.2. Inspection classes. All the inspection routines and global variables 
used by these routines, including those used by the two new inspections that will be 
described in the next chapter, were grouped into five classes. The class hierarchy which 
shows how the five classes were organized is shown in Figure 4.1. A complete list of the 
variables and functions in each of the classes can be found by examining the class 
definitions in the “MP.H” header file located in Appendix B. 
All the classes are descendants of the root class Inspection. The Inspection class 
contains all the functions and variables that are common to every inspection. Some of the 
variables included in this class store items like the inspection name, filename, number of 
data points, the magnetic field (H) data, and magnetic induction (B) data. The member 
functions perform tasks like saving and loading inspections and basic data processing. This 
class does not define how an inspection is to be performed or how the data is to be 
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analyzed. These items are to be defined by the descendants which implement these 
according to the type of inspection they are to perform. Since the Inspection class does not 
implement all the routines necessary to perform an inspection, objects are not to be made of 
this class. This class is only to be used in defining other classes. This type of class is 
known as a virtual class. 
Figure 4.1. The inspection class hierarchy 
The classes of Loop, Initl, and Anhys are all descendants of the Inspection class 
and define inspections that perform a basic hysteresis loop inspection, initial magnetization 
inspection, and anhysteretic magnetization inspection respectively. The inspections 
implemented by the Initl and Anhys classes are new inspections and are described in the 
next chapter. These three classes implement all the routines necessary for these inspections 
that are not already implemented in the Inspection class. 
The last class defined is Sloop and implements a hysteresis loop inspection that 
adds the collection of magnetostriction data and magnetic Barkhausen emission count rate 
data to the basic inspection implemented by Loop. Sloop inherits all the routines from Loop 
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which implements the basic hysteresis loop inspection. The ability to collect these two 
additional types of data was originally included in MAGNUM for use with an inspection 
system other than the Magnescope but is still supported so MAGNUM would remain 
compatible. The Magnescope presently can not acquire this additional data. 
Having the inspections implemented in this way groups and organizes all the 
variables and routines that deal with the different inspections. The variables are now 
encapsulated inside objects defined by these classes and are not global variables as before. 
This encapsulation also provides protection to these variables so routines that should not be 
accessing these variables will not be allowed to. Previously, there was no way to make 
sure that external routines were not accidently accessing these variables. 
Adding new inspections are much easier with this new organization. Inspections are 
now independent of other inspections and have their own variables so no conflicts can 
occur. The amount of code required to implement a new inspection is also reduced since 
previously written code can be inherited and reused. 
Future new inspections can be easily incorporated into the program since after the 
object for a certain inspection is created, most of the member functions are invoked in the 
same way, regardless of the inspection type and do not need to be modified. This is the 
polymorphism feature that was described earlier. It allows the call, to perform an inspection 
or to analyze the collected data, to be the same regardless of the inspection type. However 
the actual function called will depend on the class the inspection belongs to. Only a few 
minor modifications are required to incorporate a new inspection into the program. 
4.2.5. Program module organization 
The source code for MAGNUM is arranged in 15 modules and are described in 
Table 4.1. The name “MP” is in each module’s name since this was the code name for this 
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project. The arrangement of the source code in these modules and the number of modules 
were affected by the improvements made to the program. Three new modules, which 
contain all the routines to implement the inspection class hierarchy were added. The 
routines placed in these new modules were removed from the other modules making those 
smaller. 
Table 4.1. Source code modules used in MAGNUM 
Module Description 
MP The main program and general functions. 
MP-MENU Declarations for the pull-down menus. 
MP-INSP Implements all the routines in the Inspection class. 
MP-LOOP Implements all the routines in the Loop and Sloop classes. 
MP-INSP2 Implements all the routines in the Initl and Anhys classes. 
MP-DA Data acquisition routines not contained in the inspection classes. 
MP-IO Disk I/O routines not contained in the inspection classes. 
MP-CALC General data processing routines. 
MP-PLOT Plot routines. 
MP-MACRO Routines for macros. 
MP-CONF Routines to adjust and manage all the configuration variables. 
MP-UTIL Routines that are available under the “Utility” menu. 
MP-IEEE Routines to control the IEEE-488 bus. 
MP-PCA Routines to control the PC A card. 
MPASM Inline assembly code used by the routines in MP-PCA. 
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One of the original 12 modules contained routines that were not implemented, so 
this module was removed. A module to implement macros was also added. Routines that 
implement the user interface are included in a separate library module that is linked with the 
rest of the code. 
4.3. SI and EMU System of Units 
The SI or Sommerfeld system of units and the EMU or Gaussian system of units 
are currently the dominant systems of units used in magnetism. In the past, the EMU 
system was used for all the data and results collected from all the inspections done in the 
lab. Even though this system of units is still fairly popular, the SI system is the chosen 
standard and is slowly being adopted by the magnetism community. This section describes 
how MAGNUM was modified to use both systems of units instead of being limited solely 
to the EMU system. 
4.3.1. Overview of the two systems 
The units used for the various magnetic quantities that MAGNUM uses are shown 
in Table 4.2. Also in this table are the formulas used to calculate these quantities from the 
magnetic field (H) and the magnetic induction (B). As seen from these formulas, the 
conversion between the two systems is not easy since the constant no is used frequently in 
the SI system and the constant 4TI is used in the EMU system, but neither constant is used 
in the other system. This difference in the formulas is a major source of confusion which 
has resulted in frequent errors in the literature. Table 4.3 shows the conversion factors for 
the three principal magnetic quantities. 
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Table 4.2. Units and formulas for magnetic quantities 
Quantity SI (Sommerfeld) EMU (Gaussian) 
Formula3 Unit Formula Unit 
Field 
(H) 
H A/m H Oersteds 
Induction 
(B) 
B Tesla B Gauss 
Magnetization 
(M) -S--H ho 
A/m B-H 
4TC 
emu/cc 
Intensity of 
Magnetization 
(I or B-H) 
B-^oH Tesla B-H Gauss 
Differential 
Permeability 
OO 
AB 
ho AH 
(dimensionless) AB 
AH 
(dimensionless) 
Differential 
Susceptibility 
(X’) AH 
(dimensionless) A(B - H) 
AH 
(dimensionless) 
Hysteresis 
Loss 
(Wh) 
Areab(B • H) J/m3 Areab(B • H) 
4K 
ergs/cc 
a/*0 = 4JT x 10~7 A/m. 
bArea(B • H) = The area inside the hysteresis loop where the same system of units 
is used for H, B, and Loss. 
Table 4.3. Conversion factors 
Quantity Conversion Factor 
Field (H) 1000/4JI A/ma = 1 Oersteds 
Induction (B) 1 Tesla = 10,000 Gauss 
Magnetization (M) 1000 A/m = 1 emu/cc 
a1000/4jr A/m « 79.58 A/m. 
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The calculation of the differential susceptibility (x') can be made two ways with the 
EMU system. Differential susceptibility is defined as dM/dH. According to this definition, 
A(B - H) 
the differential susceptibility for the EMU system is equal to K' = "4^ ^ ^ a umt 
of en^cc, but differential susceptibility is usually considered to be dimensionless as is the 
case for the SI system. By removing the 4JI in the above equation we are left with 
A(B - H) 
X' = ——’ t^ie quantitY becomes dimensionless and equal to the results obtained using 
the SI system. MAGNUM previously calculated the differential susceptibility using K'. 
This was changed to x' so the differential susceptibility would remain dimensionless for 
both systems of units. 
4.3.2. Implementation 
Both the SI and EMU system of units can be used when running inspections and 
the resulting data sets can be easily converted between the two systems. The default system 
of units, which is used when running inspections, is selected in the new “Data Settings” 
dialog box shown in Figure 4.2. Selecting “Options/Data Settings” brings up this dialog 
box. The default system of units will also determine which units will be displayed in the 
various dialog boxes MAGNUM uses. The acquired data is converted to the correct units 
through the use of the conversion factor which is set in the “Inspection Settings” dialog 
box. Changing the default system of units automatically changes these conversion factors 
appropriate for the new system. The “Data Settings” dialog box also allows one to specify 
the format used to display the various quantities. A different format can be specified to be 
used for each system of units. 
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DATA SETTINGS 
  UNITS 
O Use SI units instead of EMU units 
  FORMAT 
Nunber of digits after decina1 place: 
QUANTITY EMU SI 
Field <H> [EH [EH 
Induction <B> [EH [EH 
Magnetisation <M> GEH [EH 
Hysteresis Loss ED [EH 
Perneabi1ity [EH [EH 
Susceptibi1ity IEH IEH 
* 
Figure 4.2. The “Data Settings” dialog box 
The data from running an inspection is assigned the default system of units. 
MAGNUM can determine which system of units a data file uses and will load data files 
using the system of units used by that file. To identify the two systems while remaining 
compatible with old data files, a new flag or indicator was added to the files using the SI 
system. So if the flag is present, the file uses the SI system; otherwise the file uses the 
EMU system. For ASCII format files, the flag is SI”. This is added to the end of the 
inspection type on the second line. 
To change the system of units used by the current data file in memory, the user 
selects “Change Units” under the Data menu. This executes a routine that changes the units 
used by the file to the other system of units. This is accomplished by converting all the raw 
data to the other system and changing the flag used to keep track of the system of units 
used. The calculation of the various other magnetic quantities takes into account the system 
of units used to perform the calculation correctly. This has to be done since the formulas 
for the two systems are different as discussed previously. 
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4.4. Adapting to Different Hardware 
MAGNUM needed to be modified to use the new data acquisition system and the 
new gaussmeter and fluxmeter used in the Magnescope Mark II. Since MAGNUM is also 
used on the Magnescope Mark I and other inspection systems in the lab, MAGNUM 
needed to adopt to a variety of different hardware. Instead of developing separate versions 
for each of the different systems used, making development much harder, MAGNUM was 
made to adopt to the different systems by adjusting the settings in three dialog boxes. 
The first dialog box shown in Figure 4.3 is the “General Settings” dialog box. This 
dialog box is used to select which data acquisition system is used. Three systems are 
supported: Tecmar Lab Master with gains of 1, 10, 100, or 500; Tecmar Lab Master with 
gains of 1,2,4, or 8, and MetraByte DAS-20. Internally, MAGNUM was changed to call 
functions to perform the tasks related to the data acquisition system like acquiring data and 
controlling the power supply. The functions that perform these tasks use the information 
about which system is being used to correctly perform the requested operation. 
The second dialog box is the “Inspection Settings” dialog box shown in Figure 4.4. 
The settings in this dialog box tells MAGNUM about the instruments connected to the data 
acquisition system. For the analog input signals, the user can specify which instruments are 
connected, what channel on the data acquisition system they are connected to, and how the 
GENERAL SETTINGS 
  DATA ACQUISITION SYSTEM   
1 = Tecnar Lab Master (gain 1-10-100-500> 
2 = Tecnar Lab Master (gain 1-2-4-8> 
3 = MetraByte DAS-20 
Data acquisition systen type (l-3> [3] 
Figure 4.3. The “General Settings” dialog box 
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output of the instrument relates to the measured quantity. The relationship between the 
output of the instrument to the measured quantity is specified by the full scale voltage 
(FSV) of the instrument along with a conversion factor which after being multiplied by the 
range settings represents what the measured quantity is when the output of the instrument is 
at FSV. The IEEE/488 and pulse height analyzer sections are currently not implemented 
since these devices are not presently being used. The power supply section specifies a 
delay between power supply commands and effectively make the inspection routines run at 
approximately the same speed regardless of the speed of the computer. 
  ANALOG INPUT SIGNALS — 
Us* Ch FSU Conu. :tor 
X Gaussnatar O Ualue at 1 U = 1.000000 
X Fluxnatar 1 Ualua at 1 U = 1000.00000 
□ Strain ind 2 Ualue at 1 u = 1000.00000 
□ not used 3 Ualue at 1 u = 1.000000 
□ □ 
DIGITAL INPUT SIGNALS 
Nane Ch Renote 
Counter |5 1 O 
not used 18 | Q 
<IEEEy488> - 
Read Left 
14 12 8 
13 11 8 
x Range Oe 
x Range Gauss 
Pst rain 
Right 
□ Ua 
  PULSE HEIGHT ANALYZER   
Card nenorg segnent lEOOOl 
S low 
Fast 
sett 1ing 
sett 1ing 
t ine 
t ine 
— POWER SUPPLY — 
(used in SLOOP/INITL> 
(used in DEMAG./ANHYS > 
lO 
lO 
© 
Figure 4.4. The “Inspection Settings” dialog box 
The final dialog box used is the “Range Settings” dialog box shown in Figure 4.5. 
These settings tell MAGNUM about how the fluxmeter and gaussmeter are setup. In the 
first section, the range settings for these instruments are entered. Any normalization data 
that is required for the fluxmeter is entered in the next section. The fluxmeter used in the 
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Mark I needed to have MAGNUM perform this scaling while the fluxmeter used in the 
Mark II performed this scaling so MAGNUM did not need to. The check box in front of 
“on meter” is used to tell MAGNUM when scaling needs to be done. If the box is not 
checked, the values entered will be used to scale the fluxmeter output. Having the box 
checked tells MAGNUM that the scaling factors are entered on the meter so the meter will 
do the scaling and MAGNUM can ignore the normalization data. The last section tells 
MAGNUM how far to vary the output of the control voltage which regulates the power 
supply. 
RANGE SETTINGS 1 
  EQUIPMENT RANGES — - 
Gauss-net er range lOO 
Fluxneter range 10 nu1tiplier : m 1 
DATA SCALING   
Flux coil cross-sectional area : 6.450000 cn* or O on neter 
Nunber of flux coil windings lOO turns or o on neter 
  APPLIED FIELD   
Maxinun field anplitude (20001 counts 
* 
Figure 4.5. The “Range Settings” dialog box 
4.5. Macros 
Processing and analyzing the measured data had previously proved to be tedious 
and was prone to error, especially if a large number of data sets are involved. To improve 
the speed and accuracy of performing this data processing and analysis, macro capabilities 
were added to the program. Macros allow the user to define a sequence of operations to be 
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Figure 4.6. The “Macro” pull-down menu 
performed on a data set. Once this sequence of operations is defined, it can easily be 
performed on one or more data sets. 
All the operations dealing with macros are under the “Macro” menu as shown in 
Figure 4.6. These operations allow the user to define macros, execute macros, save macro 
sets to a disk File, and load macro sets from a disk file. Up to five macros can be defined at 
one time and this group of five is known as a macro set 
4.5.1. Defining the macros 
Macros are defined and modified using the “Macro/Edit” menu option. The one of 
the five macros that is to be defined is selected from the hierarchical menu for this option. 
The dialog box shown in Figure 4.7 is then displayed. From this dialog box, the user can 
enter a name to be used for the macro and up to fourteen commands. 
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The name for the macro is used in the menus to identify this macro. Names are 
initially defined as “MacroX,” where X is the number of the macro. In Figure 4.6, the first 
macro’s name has been changed from “MacroO” to “Smooth & Save”. By changing this 
name to something meaningful, the macro will be easily identified in the menus when this 
macro is needed to be executed or modified. 
The commands that can be executed via macros include most of the commands 
under the “File,” “Data,” and “Plot” menus. A list of the commands that can be used are 
given in Appendix C. This list contains the syntax along with a description of each 
command. The commands use a syntax very similar to that of their related menu command 
making it fairly easy to learn and use. 
Commands consist of one or more key words which may be followed by one or 
more parameters. The key words and parameters must be separated by one space to be 
properly parsed. Commands are also not case sensitive. Comments can be included in the 
list of commands entered and are identified by having the “*” character as the first 
character. 
When the user is finished defining the macro, clicking the “OK” button will exit the 
dialog box and compile the macro. If any errors are found during the compiling process, 
the user is notified and the “Edit Macro” dialog box is redisplayed with the commands in 
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error commented out. The user can then correct these errors. If the user does not care to 
correct them at that time, the user can click “OK” and the compiler will now ignore the 
commands previously found in error since they are now treated as comments. The 
compilation process is explained in Section 4.5.3. 
4.5.2. Executing macros 
Macros can be executed two different ways. First the macro can be executed on the 
current data set. This is accomplished using the “Macro/Run” command. The second way 
is to use the “Macro/Multi-File Run” command. This command executes the macro on a 
specified group of files. Each file in this group will be loaded into MAGNUM and then the 
macro will be executed on it. This last method is a very powerful feature allowing the user 
to totally automate the processing and analysis of a group of measurements. 
The group of files that are to be used in the multi-file method is specified by 
entering a pathname in the dialog box that appears after selecting the “Macro/Multi-File 
Run” command. This dialog box is shown in Figure 4.8. The pathname specifies the drive 
and directory where the files to be used are located. Also a filename is specified using DOS 
wildcard characters, so one can specify the use of all or only some of the files in the 
specified directory. Using the pathname in Figure 4.8, the macro will be executed on all the 
files in the “RESULTS” directory on drive B whose filenames have “TEST” as the first 
four characters. 
MULTIPLE MACRO EXECUTION 
Path nanc for files to execute nacro on 
|b : \resu 11 s\t es t«■ .» 
® * 
Figure 4.8. The “Multiple Macro Execution” dialog box 
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4.5.3. Implementation 
Macros were implemented as an object. This permits all the macro routines to have 
access to the variables holding the macro commands, while preventing access by all the 
other routines in the program. The Macro object provides the macro capabilities via six 
functions: initl, run, multi_run, edit, load, and save. All but the first function are called 
when the related menu command is selected. The first function, initl, is used to initialize the 
variables in the Macro object and is called when the program is started. 
The edit function compiles the commands after the user clicks the “OK” button. 
This process involves parsing each command entered and then recording a four number 
code that describes the command and its parameters. Any command that could not be 
parsed and identified is flagged as an error and is treated as a comment. The list of these 
codes are then used by the run function to actually execute the commands. The multi jrun 
function calls the run function to execute the macro after it has loaded in a data set. No error 
checking is needed during execution since these codes are always guaranteed to be error- 
free by the compiling process. 
The coding process was designed to make the execution process as simple as 
possible. Commands are executed two different ways. The first way uses the function that 
processes the menu commands. This function determines the appropriate command to 
execute by two integers. Macro commands that are executed this way are the ones that have 
no parameters and are coded with the first two numbers being the number required by the 
menu processing function. The last two numbers are not used for these commands. 
The second way commands are executed is using a switch structure in the run 
function. This takes care of the remaining functions that have parameters associated with 
them. The parameters for these functions permit the macros to bypass the dialog boxes that 
are used to enter these parameters in the related menu functions. Here the first number is 
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used to identify the command and is always negative to distinguish them from the first 
encoding method. The other numbers are used for sub-functions or the parameters for the 
command. The format for the four number code is summarized in Table 4.4. 
Table 4.4. Format for the four number code used to represent macro commands 
 internally  
Command type idl 
(Integer) 
id2 
(Integer) 
id3 
(Integer) 
id4 
(Character pointer) 
No parameters Menu function 
number 
Menu subfunction 
number 
0 NULL 
Integer parameter Command 
identifier 
Subcommand Integer 
parameter 
NULL 
Save commands Command 
identifier 
0 0 Pointer to filename 
parameter 
Plot commands Plot destination Data type Plot type NULL 
The save commands all use the filename parameter to specify the file name to be 
used. This parameter posed some difficulty since using a fixed file name would cause 
saving the data to use the same file name for each data set the macro was executed on. To 
solve this problem, the actual file name to be used needed to make use of the original file 
name of the data set to create a unique file name. If no filename parameter is given, then the 
original file name of the data set will be used. The filename parameter is used to override 
any part (drive, directory, name, or extension) of this original file name. This solution 
makes the specification of the file names to be used very flexible, resulting in no limitations 
being placed on the macros that are run on multiple data sets. 
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4.6. Other Improvements 
This section describes other smaller improvements made to MAGNUM making it easier to 
use and more functional. These improvements include adding configuration files, 
implementing a new way to enter the file name to save new inspection data, being able to 
save any of the calculated parameters to a disk file, implementing a three hysteresis loop 
measurement, and adding a help facility. 
4.6.1. Configuration files 
Configuration files were implemented to save all the configuration settings used in 
MAGNUM. Being able to save all these settings is a great help to the user since this 
eliminates the need to correctly set all the settings in the 6 or so dialog boxes each time the 
program is run. Using these configuration files should make the user more efficient in 
using the program and reduce errors caused by incorrectly configuring the program in 
haste. 
Configuration files are used two different ways. First, configuration files are saved 
and loaded through the use of commands under the “Options” menu. With this method, the 
user can save various program configurations for later use. The second way, the 
configuration file named “MAGNUM.CFG” is automatically saved and loaded when 
exiting and running the program. This causes the program to be setup the same as when the 
program was exited making it very convenient to stop the program and continue using it at 
a later time. 
4.6.2. File names for new inspections 
Previously, file names for new inspections were entered in the “Inspection 
Procedure” dialog box before running the inspection. This procedure was both time 
consuming and prone to error. This system also was not capable of saving the multiple 
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inspections produced by the new inspection/analysis routine “STRESS” which is described 
in the next chapter. To eliminate these problems, a new system was devised for entering the 
file names. 
After an inspection run, the user can select to not save the data or save the data 
using either an automatically generated file name or a file name the user can then enter. 
With this system, the user does not have to worry about having the file name entered before 
running an inspection and entering the file name is not hidden away in some dialog box. If 
the inspection is perceived to be invalid, for whatever reason, the data does not have to be 
saved. Therefore there is no unnecessary storing of erroneous data files. 
The feature of automatically generating filenames was also added to make saving a 
group of inspections even easier. Figure 4.9 shows the dialog box used to setup this 
feature. Selecting “Save Filename” under the Inspect menu brings up this dialog box. In 
this dialog box, the user can enter the path name, a base filename, and a counting method 
along with a start count. After an inspection is run, a filename is generated by combining 
the path name, the base filename, and the current start count value for the counting method 
chosen. If the automatic filename is used for a file, the count is increased so a new unique 
filename will be generated next time. There are two counting methods: 00-99 and A-Z. 
SAUE FILENAME 
Path for saved data files: 
Base file nane (6 char. Max.>: 
c;\data\ 
saMple] 
O 00-99 
□ A-Z 
Start count at : (J 
Start count at: A 
Figure 4.9. The “Save Filename” dialog box 
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4.6.3. Save parameters to a disk file 
Saving the calculated parameters to a disk file allows further processing and 
analysis to be performed on the data by other programs. MAGNUM originally had a 
routine that performed this function rather crudely. It would save only a few predetermined 
parameters to a disk file. This routine also was not compatible with the new object-oriented 
structure of the inspections or the new inspections described in the next chapter. 
The new routine allows the user to select which parameters are saved to the disk file 
using the dialog box shown in Figure 4.10. The selection of the parameters to be saved 
using this dialog box is performed whenever a new parameter file is created. If the 
parameter file is already created, the parameters that are saved in the file are determined and 
those parameters will be appended to the file. This should make it much easier to collect the 
parameters from a group of files since one needs to specify which parameters to save only 
once. 
The parameter file has a header as the first line which provides titles for each 
column of parameters. The header is used by the program to determine which parameters 
Select which paraneters to include 
O pinl 
O pinlsqr 
O pHc + 
O pHc- 
O pHc+lsqr 
O pHc-lsqr 
□ pBr + 
□ pBr— 
□ pBr+lsqr 
□ pBr—lsqr 
O P loop tip 
O P loop tip lsqr 
© * 
Figure 4.10. The “Save Parameters” dialog box 
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are saved in the file. Each line following the header line contains all the parameters for an 
inspection. 
This routine was implemented as a regular C language function and calls two 
member functions implemented in each of the inspection classes. One of these member 
functions returns a list of parameters defined for that inspection and the other will save the 
selected parameters to the disk file. This implementation puts all the inspection specific 
code in the member functions making it easy to use with new inspections. A new 
inspection only needs to implement these two member functions for this operation to work. 
No change is necessary to the main routine. 
4.6.4. The three hysteresis loop measurement 
This measurement is a variation on the single hysteresis loop measurement. In the 
single hysteresis loop measurement, a single hysteresis loop is obtained in the 
measurement. This variation changed the algorithm so three loops are obtained 
consecutively. Parameters are calculated from each of the three loops and then the average 
is reported. The value of the parameters averaged over three hysteresis loops should reduce 
the random noise in the measurements, which was the principle reason for performing this 
measurement. 
This new measurement was implemented by making the original single hysteresis 
loop inspection procedure more general and not by adding a new inspection class. The 
inspection procedure was made to cycle the H field a specified number of times and then 
average the results. One loop was specified to obtain the original single loop measurement, 
and three loops were specified for the new measurement. Implementing it this way resulted 
in very little new code being added to the program. The three hysteresis loop measurement 
is called “3SLOOF’. 
60 
4.6.5. Help facility 
A simple help facility was added to MAGNUM so the user would be able to quickly 
find information about the program. The limitations of the user interface prevented making 
help more sophisticated and imposed many limitations on help. Help is accessed using the 
“Help” menu as seen in Figure 4.11. Listed in the “Help” menu are the various help topics 
that are available. Also in the “Help” menu is the “About” choice which displays 
information about the program. This information is also displayed when the program starts. 
When a help topic is selected, the help window is displayed if it is not already 
displayed. The help information is then displayed in this window which is a regular 
window and thus can be treated the same as any other window. The window that is shown 
in Figure 4.11 is the help window containing the “Inspection Settings” help. All the 
information contained in the various help topics is in Appendix C. 
All the help information is contained in a separate file named “MAGNUM.HLP.” 
When a help topic is selected, this file is read and the section for the selected topic is 
displayed in the window. To make it easy to create this file, the program “MAKEHELP” 
was written. Each help topic is written and stored in individual text files with the first line 
being the topic name. The program “MAKEHELP’ reads in these individual text files with 
their one line header, replaces the one line header with a new two line header, and 
combines all the files into the one file “MAGNUM.HLP.” The new two line header 
consists of the topic name along with three special characters to make this first line unique 
and on the second line is the number of characters and the number of lines in the topic. This 
header is used by MAGNUM to find and extract the information on the selected topic. 
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Th« settings for th« uarioui dialog boxes which are 
Inspect Menu are explained Mere. 
:ro Connands. 
Uersion History!. 
RANGE SETTINGS 
Equipnent Ranges 
Gaussneter range - Range the gaussneter is set to. 
Fluxneter range - Range the fluxneter is set to. 
Multiplier - The Multiplier the fluxneter is set to. 
Data Scaling 
Flux coil cross-sectional area - Enter the flux coil's 
cross-sectional area or check "on neter" if the 
neter includes the area. Mhen “on neter" is checked 
the value entered is ignored. 
Nunber of flux coil windings - Enter the nunber of flux 
coil windings or check “on neter" if the neter 
includes the turns. Mhen “on neter** is checked the 
ualue entered is ignored. 
Applied Field 
Maxinun field anplitude - D/A will swing no nore than 
190K 10:33 
Figure 4.11. The “Help” pull-down menu and window 
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5. NEW INSPECTION AND ANALYSIS ROUTINES 
Described in this chapter are the inspection and analysis routines that were added to 
MAGNUM. These routines include the stress analysis routine, the initial magnetization 
routine, and the anhysteretic magnetization routine. With the addition of these routines, 
MAGNUM is now a much more functional and versatile program. 
5.1. Stress Analysis Routine 
An important application in the field of NDE is the detection of stress. The effects 
of stress on the magnetization curve has been studied and a theory has been proposed 
relating magnetization and stress [10]. Using this theory it was possible to write a routine 
that could predict an unknown stress in a material given some calibration data on that 
material. This section describes the theory behind this routine and how this routine was 
implemented into MAGNUM. 
5.1.1. Theory 
It has been found that the maximum differential permeability is strongly affected by 
the stress level in a material [11]. In certain conditions the relationship is known to be linear 
and expressed by the formula: 
1 
/^'max(O) *(a) 
■ = ko. 
where 
(5.1) 
k = constant, 
o = stress level in the material, 
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^'max(O) = maximum differential permeability under zero stress, 
b'max(o) = maximum differential permeability under o stress. 
By measuring the maximum differential permeability under two known stress 
levels, the constant k in the formula can be calculated. The formula can then be used to 
determine an unknown stress given the maximum differential permeability. 
Another way of viewing this is that the two reference measurements with known 
stress levels determine the linear relationship between the maximum differential 
permeability and the stress level. The stress level in a sample can be found using linear 
interpolation along with the maximum differential permeability measured. The resulting 
formula that calculates the stress with this method is: 
1 1  
_ h max («J) h' max (0) 
°" °
ma
* \ i , (5.2) 
pt max(^max) /^rnax (0) 
where 
amax = maximum stress level, 
o= unknown stress level, 
^'max(O) = maximum differential permeability under zero stress, 
/<'max(aniax) = maximum differential permeability under maximum stress, 
b'max(o) = maximum differential permeability under unknown or a stress. 
5.1.2. Implementation 
The stress analysis routine was implemented so the necessary data could be 
acquired from either running new inspections or from data files from previous inspections. 
The routine needs two reference measurements; one with zero stress in the sample and one 
64 
with a maximum known stress in the sample. Also the measurement on the sample under 
unknown stress is needed. 
If the data is to come from new inspections, the routine is run as an inspection 
routine. By running the inspection routine “STRESS,” the stress routine is called which 
performs the “DEMAG/SLOOF’ inspections on each of the three samples. After 
performing the three measurements, the unknown stress is calculated using Equation 5.2 
and the results are displayed as shown in Figure 5.1. 
The calculated stress in the last run is: 299.496124 
Max. perneabi1ity, zero stress: 329.834015 
Max. perneability, nax. stress: 332.866089 
Max. perneability, unknown stress: 330.411835 
Max. stress: 1560.OOOOOO 
[ Cont inue ] 1^ 
Figure 5.1. Results from the stress analysis routine 
To use the routine with previously saved data files, the routine is called by selecting 
“Stress...” under the Analysis menu. When called in this way, the routine asks for the three 
files via the filename dialog box. For each of the files, the routine reads in the data, 
analyzes it, and extracts the required information. The unknown stress is then calculated 
and the results are displayed. 
One function was written to implement this routine. This function is not in the 
inspection hierarchy since it is not really an inspection, but rather a routine that controls the 
inspection objects. The stress routine creates the necessary inspection objects and sends 
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these objects the messages to acquire the data, perform any data processing, analyze the 
data, and extract the calculated parameters needed for the stress calculation. 
5.2. Initial Magnetization Routine 
The initial magnetization curve is obtained when a material is magnetized, starting 
with the sample in a demagnetized state. Figure 5.2 shows a typical initial magnetization 
curve. One important parameter that can be calculated from this curve is the initial 
permeability, which is the slope of the curve when B and H are zero. The initial 
permeability can be related to material properties making it an important parameter to 
determine. 
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5.2.1. Algorithm 
The procedure used to obtain the initial magnetization curve is relatively simple. 
First, the material is demagnetized using the “DEMAG” routine and then the initial curve is 
obtained using the routine described here. This routine is very similar to the “SLOOP” 
routine since the initial curve is the first part of the curve obtained with “SLOOP.” The 
routine samples the magnetic field (H) and magnetic induction (B) while increasing the 
power supply current from zero to a maximum value. That completes the measurement and 
the power supply current is returned to zero. 
5.2.2. Implementation 
This routine was designed to acquire the initial magnetization curve more precisely 
than the “SLOOP’ routine could. By stepping the power supply by smaller increments 
between measurements, the resolution of the curve could be improved over “SLOOP.” This 
results in an increase in the number of data points collected. The number of data points on 
the initial curve is small enough that the increase in data points does not make the data files 
extremely large. Since “SLOOP’ acquires the entire hysteresis loop along with the initial 
curve, a very fine step size would cause “SLOOP’ to collect a massive amount of data, 
making it very impractical. “SLOOP’ currently collects 210 data points for the initial curve 
where this initial magnetization routine collects 1000 data points. 
A new inspection class was implemented for this routine, making it independent 
from the other routines. This inspection routine is run by executing the “INITL” inspection 
procedure. 
5.2.3. Calculated parameters 
By making this a new inspection class, an analysis routine could be written 
specifically lor this inspection. The parameters determined in this routine are the initial 
67 
permeability, calculated using both simple derivatives and linear interpolation, and the 
maximum permeability. 
5.3. Anhysteretic Magnetization Routine 
The anhysteretic magnetization curve can be thought of as a magnetization curve of 
a sample with the hysteresis removed. With no hysteresis, the curve is a single valued 
function of the magnetic field (H) and is completely reversible. The anhysteretic 
magnetization curve is antisymmetric with respect to the magnetic field. Figure 5.3 shows 
what a typical anhysteretic curve looks like for positive magnetic field values. 
Anhysteretic magnetization is important in the field of magnetic recording besides 
its use in materials evaluation. In magnetic recording, the anhysteretic magnetization is used 
Figure 5.3. Typical anhysteretic magnetization curve 
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by applying an ac bias to the recording head. This allows the magnetization to vary linearly 
at low field values which would not occur if hysteresis was present. 
5.3.1. Algorithm 
To obtain the anhysteretic magnetization curve, the magnetization is cycled with an 
alternating field which is gradually reduced to the dc field value of interest. The algorithm 
used to obtain this curve has been developed by Jiles [12]. In this algorithm, a large 
symmetrical ac field is superimposed on a dc field value. The ac field is gradually reduced 
to zero by decreasing the ac field amplitude by 10% every 1 1/2 cycles. After the ac field is 
reduced to zero, data is collected resulting in one point on the anhysteretic curve. By 
repeating this procedure for various dc field values, a loci of points is obtained from which 
the anhysteretic curve can be plotted. 
5.3.2. Implementation 
This routine was implemented using a new inspection class making it independent 
from the other inspections. The inspection routine, which is run by using the “ANHYS” 
inspection procedure, was translated to C from an implementation done in BASIC by Jiles. 
This routine was then modified to enhance a number of aspects of the routine. 
First the routine was modified to allow the dc field to sweep both up and back 
down. For each pass the dc field is swept up or down, an anhysteretic curve is obtained. 
The number of passes made can be set by the user in the “Analysis Settings” dialog box. 
By comparing the anhysteretic curve obtained when the field is swept up, to the curve 
obtained when the field is swept down, the accuracy in obtaining the anhysteretic curve can 
be determined. Since the anhysteretic curve is reversible, the two curves should be 
identical. Any differences in the curves are a result of not completely removing all the 
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hysteresis. Therefore, the smaller the differences in the two curves, the more accurate the 
anhysteretic curve is. 
Second, the routine was made to run without running the “DEMAG” routine first. 
This could be done since the ac cycling that is done in this routine is similar to what the 
“DEMAG” routine does. The only modification that was necessary was to add the 
acquisition of the extreme values during the initial ac cycling of the zero dc field point. The 
“DEMAG” routine acquires these values to provide scaling information needed to plot the 
data as it is acquired. 
Third, improvements were made in how the power supply was stepped in the ac 
cycling. The original implementation performed all the cycles with a fixed number of steps. 
This resulted in very large step sizes for the large cycles causing them to execute very fast. 
In the “DEMAG” routine, the step size is fixed making the large cycles run slower. But to 
prevent the cycles from having too few steps as the cycles get small, the step size is 
decreased abruptly. This abrupt change caused a sudden slowing to occur in the cycling. 
A new way to step the power supply in the ac cycling was developed that eliminated 
the problems with the previous methods. In this method, both the step size and the number 
of steps is determined by the size of the cycle and changes as the cycle size changes. This 
was accomplished by setting the step size equal to the square root of the cycle amplitude. 
Large cycles now have both a larger step size and more steps than small cycles. Since the 
number of steps is gradually reduced, the cycling gradually goes faster with no abrupt 
changes. Controlling the step size this way is very efficient, resulting in cycling that is not 
only smoother than the previous methods, but also faster than the method used in the 
“DEMAG” routine. 
The last improvement made to this routine involved increasing the maximum dc 
field level and increasing the accuracy in determining the anhysteretic curve. The maximum 
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dc field level is determined by the maximum field level produced by the power supply and 
the initial amplitude of the ac cycling. Originally the maximum dc field level and the initial 
amplitude of the ac cycling were set at 50% of the maximum field level of the power 
supply. At the maximum dc field level of 50%, the initial ac cycling varies between zero 
and the maximum field level produced. By reducing the initial amplitude of the ac cycling it 
was possible to increase the maximum dc field level. The anhysteretic data points at higher 
dc bias fields were found to be invariant even when the initial amplitude of the ac cycling 
was reduced. 
In observing the performance of the routine by comparing two passes of the 
anhysteretic curve, it was discovered that the two curves separated for low field values. 
This indicated that the low field values of the anhysteretic curve was not being determined 
accurately. At the end of the second pass, the sample should be back where it started in the 
demagnetized state but actually was showing some magnetization. It was discovered that by 
increasing the initial size of the cycling for these low field values that the two curves were 
much closer, indicating improved accuracy. 
Both the improved accuracy for low field values and the increase in maximum dc 
field level was accomplished by dynamically changing the initial amplitude of the ac cycling 
instead of always starting with the same initial amplitude. This was done by setting the 
initial amplitude of the ac cycling to the largest that was possible, which is the maximum 
field level produced by the power supply minus the dc field level. Low field values would 
have the amplitude of the ac cycling increased, resulting in improved accuracy. Increasing 
the maximum dc field level was also easily implemented, since now the cycling amplitude 
would adapt to the higher dc field values. The maximum dc field level was increased to 
80% of the maximum field level produced by the power supply. The initial amplitude of the 
ac cycling is now 100% for the zero dc field and decreasing to 20% for the 80% dc field. 
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Figure 5.4 shows the two pass anhysteretic curves for both the original method with 
constant initial ac amplitude and the new method with dynamic initial ac amplitude. The 
curves for the new method are closer together and therefore more accurate. 
Dynamic AC Cycling □ Fixed AC Cycling 
Figure 5.4. Anhysteretic magnetization curves with constant and dynamic initial ac 
amplitude 
5.3.3. Calculated parameters 
The analysis routine for this new inspection class was written specifically for 
calculating the parameters related to the anhysteretic magnetization curve. Currently only 
one parameter is determined in this routine which is the initial permeability calculated using 
both simple derivatives and linear interpolation. 
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6. PERFORMANCE DATA 
This chapter shows some results that were obtained using the Magnescope and the 
MAGNUM software. The principle type of measurement performed on the Magnescope 
is the single hysteresis loop or “SLOOP” inspection. Before the “SLOOP” measurement 
is performed, the sample is placed in a reference demagnetized state using the “DEMAG” 
procedure. This places the material in a reproducible state allowing the “SLOOP” 
measurement to always begin from the same condition. The “SLOOP” measurement, 
starting from this known state, first obtains the initial magnetization curve followed by a 
complete hysteresis loop. This curve is then analyzed and the parameters are calculated. 
The results produced by these measurements are then used in comparative studies 
to see how the magnetic parameters are affected by changes in the properties of the 
material. As correlations are identified between the magnetic parameters and the 
properties of the material, the changes in the magnetic parameters can be used to identify 
the condition of the material. 
The first two sets of results consist of a set of hysteresis loops and calculated 
parameters for various types of steels. These results shows that “SLOOP” measurements 
are reproducible, have high resolution and low noise, and are able to correctly identify the 
magnetic parameters of a specimen. The last set shows how the calculated parameters 
vary as a material is placed under different applied stresses. This set is typical of the type 
of studies performed with the Magnescope. 
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6.1. Analysis of “SLOOP” Inspections 
“SLOOP” inspections were performed on three samples whose magnetic 
properties were known. The data obtained in these measurements showed that the 
instrument was performing as expected. The results are given in Figures 6.1 through 6.6 
and consist of the plot and parameter print out produced by MAGNUM. These results 
were the actual raw data. No data processing, such as smoothing the data, was performed. 
The first measurement was made On a specimen of 300M high strength steel 
which is used by McDonnell Douglas Aircraft Company in the landing gears of their 
planes. The second measurement was made on a specimen from the base of a section of 
railroad rail and the third measurement was made on a specimen from the web of a 
railroad rail. 
Each of the three inspections performed produced clean hysteresis curves and 
both the curves and the calculated parameters were in the expected range. For example, 
the coercivity calculated for Test 02 (19.88 Oe) and Test 03 (21.59 Oe) were about the 
same, which was expected since the specimens were both of the same type of material. 
Test 01 had a coercivity of 46.33 Oe, significantly higher than in the other two 
inspections. The 300M steel that was used in this inspection was known to have a much 
larger coercivity than railroad steel, which was confirmed by the measurements. 
6.2. Performance of the “SLOOP” Inspection 
In this section, the performance of the “SLOOP” inspection will be examined. By 
comparing two “SLOOP” inspections that were performed on the same sample, we are 
able to see how accurate and reproducible the acquired data is. 
The two “SLOOP” inspections, that were performed on one sample, were each 
executed after performing the “DEMAG” routine. The second inspection was performed 
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Type : SINGLE LOOP 
Data points : 944 
Values of magnetic parameters: 
Hysteresis loss 
Remanenee 
Coercivity 
150438.69 ergs/cc 
8575.88 Gauss 
46.3293 Oe 
Least squares fitting of derivatives at the origin 
From hysteresis loops dB/dH = 53.01 
Least squares fitting of permeabilities 
Differential permeability at Hc+ = 653, .83 
at He- = 599, .79 
Differential permeability at Br+ = 65, .94 
at Br- = 65, .87 
Slope at loop tip = 29, .94 
Simple derivatives for permeabilities 
Initial permeability (hyst) = 54.44 
= 51.11 
Differential permeability at Hc+ = 649.09 
at He- = 634.62 
Differential permeability at Br+ = 69.23 
at Br- = 72.58 
Slope at loop tip = 25.81 
Values at loop tips 
Minimum H 
Maximum H 
Minimum B 
Maximum B 
= -230.7129 Oe 
= 230.7129 Oe 
= -16748.05 Gauss 
= 16577.15 Gauss 
Figure 6.2. Parameter printout for a specimen of 300M steel (Test 00) 
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File test02 
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Type : SINGLE LOOP 
Data points : 944 
Values of magnetic parameters: 
Hysteresis loss 
Remanence 
Coercivity 
78801.32 ergs/cc 
6535.99 Gauss 
19.8826 Oe 
Least squares fitting of derivatives at the origin 
From hysteresis loops dB/dH = 54.39 
Least squares fitting of permeabilities 
Differential permeability at Hc+ = 663, .39 
at He- = 680, .39 
Differential permeability at Br+ = 124, .91 
at Br- = 138, .12 
Slope at loop tip = 24. .76 
Simple derivatives for permeabilities 
Initial permeability (hyst) = 39.38 
= 66.47 
Differential permeability at Hc+ = 677.31 
at He- = 687.59 
Differential permeability at Br+ = 130.26 
at Br- = 149.21 
Slope at loop tip = 25.81 
Values at loop tips 
Minimum H 
Maximum H 
Minimum B 
Maximum B 
= -263.1836 Oe 
= 256.8359 Oe 
= -16748.05 Gauss 
= 16674.80 Gauss 
Figure 6.4. Parameter printout for a specimen from the base of a railroad rail (Test 02) 
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File : test03 
Type : SINGLE LOOP 
Data points : 944 
Values of magnetic parameters: 
Hysteresis loss 
Remanence 
Coercivity 
= 76135,71 ergs/cc 
= 6503.30 Gauss 
= 21.5894 Oe 
Least squares fitting of derivatives at the origin 
From hysteresis loops dB/dH = 56.68 
Least squares fitting of permeabilities 
Differential permeability at Hc+ = 650.17 
at He- = 610.23 
Differential permeability at Br+ = 127.19 
at Br- = 133.10 
Slope at loop tip = 25.79 
Simple derivatives for permeabilities 
Initial permeability (hyst) = 50.00 
= 65.88 
Differential permeability at Hc+ = 709.58 
at He- = 667.24 
Differential permeability at Br+ = 137.84 
at Br- = 142.19 
Slope at loop tip = 25.00 
Values at loop tips 
Minimum H 
Maximum H 
Minimum B 
Maximum B 
= -244.8730 Oe 
= 239.5020 Oe 
= -16845.70 Gauss 
= 16796.88 Gauss 
Figure 6.6. Parameter printout for a specimen from the web of a railroad rail (Test 03) 
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immediately after the first one and the inspection head was not moved between the 
measurements. Since nothing was done to the sample between measurements, the two 
inspections should produce the same results. Both measurements were made on a 
specimen of 300M high strength steel. The results for the first measurement, which was 
discussed in the previous section, are given in Figures 6.1 and 6.2 and the second 
measurement are given in Figures 6.7 and 6.8. These results, as before, consist of the plot 
and parameter print out produced by MAGNUM and were the actual raw data. 
The results from the two inspections were almost the same. When the raw data for 
each inspection was compared by subtracting the two sets of data, the magnetic field 
measurements differed by no more than ±1 Oe and the magnetic induction measurements 
differed by no more than ±50 Gauss. Since the difference has an uncertainty of twice the 
uncertainty of a data point, the uncertainty in the magnetic field measurement is ±0.5 Oe 
and the uncertainty in the magnetic induction measurement is ±25 Gauss. This 
uncertainty is of the same order as the resolution of the data acquisition system use to 
acquired these measurements. The resolution that the magnetic field was acquired at was 
0.25 Oe and the resolution was 25 Gauss for the magnetic induction. A small variation on 
the order of this resolution is to be expected. 
The calculated parameters for these two inspections varied to different degrees. 
This results from different sensitivity of the calculations to uncertainties in the data. The 
calculated values of hysteresis loss, remanence, and coercivity all varied less than 1%. 
The permeabilities that are calculated varied as much as 10%. This rather large 
uncertainty results from a loss of significance that occurs when two nearly equal numbers 
are subtracted in these calculations. The uncertainty in the permeabilities should be the 
largest when the permeability is either very large or very small. 
16
80
0 
T 
B 
(G
au
ss
) 
81 
E
x
pe
ri
me
nt
al
 
R
e
s
u
l
t
s
 
D
a
t
a
 
F
il
e 
s 
te
st
Ol
 
Fi
gu
re
 
6.
7.
 
H
ys
te
re
sis
 
pl
ot
 
fo
r a
 
sp
ec
im
en
 
o
f 3
00
M
 
st
ee
l (
Te
st 
01
) f
or
 
th
e 
“
SL
O
O
P”
 
in
sp
ec
tio
n 
pe
rfo
rm
ed
 
im
m
ed
ia
te
ly
 
af
te
r 
Te
st
 
00
 
82 
File : testOl 
Type : SINGLE LOOP 
Data points : 944 
Values of magnetic parameters: 
149436.52 ergs/cc 
8571.03 Gauss 
46.3282 Oe 
Hysteresis loss 
Remanence 
Coercivity 
Least squares fitting of derivatives at the origin 
From hysteresis loops dB/dH = 53.86 
Least squares fitting of permeabilities 
Differential permeability at Hc+ = 588.22 
at He- = 584.83 
Differential permeability at Br+ = 66.02 
at Br- = 67.20 
Slope at loop tip = 28.70 
Simple derivatives for permeabilities 
Initial permeability (hyst) = 53.33 
= 57.50 
Differential permeability at Hc+ = 596.25 
at He- = 610.00 
Differential permeability at Br+ = 67.95 
at Br- = 69.23 
Slope at loop tip = 27.59 
Values at loop tips 
Minimum H 
Maximum H 
Minimum B 
Maximum B 
= -229.9805 Oe 
= 229.9805 Oe 
= -16748.05 Gauss 
= 16577.15 Gauss 
Figure 6.8. Parameter printout for a specimen of 300M steel (Test 01) for the 
“SLOOP” inspection performed immediately after Test 00 
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When the data was smoothed with a software data processing routine, the 
differences in these two measurements decreased by approximately 50%. Thus, the 
random error in the measurements, caused by noise in the measured signals and the 
digitizing process, can be reduced in this way. 
These results prove that the instrument can provide reproducible results since the 
second measurement was not affected by the first measurement. Also the acquired data 
was shown to have an uncertainty of the same order as the resolution of the data 
acquisition system, showing that the instrument is both low in noise and obtains accurate 
measurements. 
6.3. Applied Stress Measurements 
For this set of measurements, a specimen of 0.4 wt% carbon steel was used. The 
specimen was unstressed meaning no load was ever placed on the specimen. “SLOOP” 
inspections were then performed on the sample for five different increasing tensile loads 
placed on the sample. The tensile loads used were 0, 5 000, 10 000, 15 000, and 20 000 
psi. 
The resulting data acquired by the Magnescope was smoothed, using a software 
data processing routine, before calculating the parameters. The parameters of coercivity, 
remanence, hysteresis loss, and maximum differential permeability were then plotted 
against the applied stress. These plots are shown in Figures 6.9 through 6.12. 
As shown in Figures 6.9 through 6.11, the coercivity, remanence, and hysteresis 
loss all decreased as the tensile load is increased up to a load of 10 000 psi. Above 
10 000 psi, all three parameters increased with increasing load. Usually the trend for 
these parameters remains the same. The change that occurred in this data occasionally is 
seen and is thought to be a result of a change in sign of dX/dM, where X is the bulk 
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9. Plot of coercivity vs. applied stress for a sample of 0.4 wt% carbon steel 
Figure 6.10. Plot of remanence vs. applied stress for a sample of 0.4 wt% carbon steel 
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Figure 6.11. Plot of hysteresis loss vs. applied stress for a sample of 0.4 wt% carbon 
steel 
— at Hc+ 
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Figure 6.12. Plot of maximum differential permeability vs. applied stress for a sample 
of 0.4 wt% carbon steel 
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magnetostriction of the material [13]. The maximum differential permeability (Figure 
6.12) shows a downward trend. 
6.4. Summary 
The results presented in this chapter show performance data for some of the 
applications of the Magnescope. The Magnescope can make in situ measurements of the 
magnetic parameters of materials. The results shown here have demonstrated that this 
instrument can provide reproducible results, which depend on placing the sample in a 
reference demagnetization state. Also demonstrated is the low noise and high accuracy in 
measuring the magnetic field and magnetic induction. 
The inspections performed can correctly identify the magnetic properties of a 
specimen as shown by the first set of data presented in this chapter. These magnetic 
properties have been shown to be affected by the properties of the material. The last set 
of data shows how the magnetic properties are affected by the applied stress on a sample. 
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7. CONCLUSIONS 
7.1. Magnescope Mark II 
The Magnescope Mark II, a portable magnetic inspection system, was designed and 
constructed. This instrument has allowed in situ measurement of the magnetic properties of 
materials to be made. The instrument contains a gaussmeter, fluxmeter, power supply, an 
inspection head, and a small portable computer containing a data acquisition system. All of 
the components in the system are controlled by the computer via the data acquisition 
system. During a measurement, the computer controls the output of the power supply 
which produces a magnetic field in the inspection head. The magnetic field and magnetic 
induction are measured by the gaussmeter and fluxmeter respectively. The analog output 
voltages from the gaussmeter and fluxmeter are digitized by the data acquisition system and 
stored by the computer. The process control, data acquisition, and data analysis are 
accomplished using the software package, MAGNUM. 
The Magnescope Mark II consists of three modules. The first module is the portable 
computer containing the data acquisition system. The second module is the power supply, 
gaussmeter, and fluxmeter which are mounted in a case for ease of handling. The third 
module is the inspection head which is placed on the material being tested. 
7.1.1. Summary of the improvements 
The Magnescope Mark II is a significant improvement over the previous systems 
used to perform magnetic inspections. Compared to these previous systems, it is smaller, 
lighter, easier to use, and more refined. These improvements were the design goals for this 
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project and as a result, the Magnescope is much better suited to its potential market than 
before. 
Making the instrument both smaller and lighter allows the instrument to be used 
more easily in the field. These design goals were accomplished through the careful 
selection of the various components making up the Magnescope. No functionality was lost 
in this down-sizing. In fact, the Mark II is even more functional than the previous 
generation of the Magnescope. 
The Mark II is also much easier to operate allowing it to be used without a highly 
skilled operator. The vast number of improvements to the control software MAGNUM has 
greatly improved the ease of use. A number of hardware improvements have also 
contributed to the ease of use such as the fluxmeter reset capability and the inspection head 
connector. 
The refinements in the design of the Mark II has made the instrument more 
professional looking. The improvements that made the instrument more refined include the 
fiberglass case, the mounting of all the components, and the inspection head connector 
which centralized the wiring to the inspection head. 
7.1.2. Future improvements 
Further improvements could be made in the hardware of the Magnescope to make it 
more portable and easier to use. These improvements were not implemented on the Mark II 
due to time and cost constraints placed on the project. 
The instrument could be made even smaller and lighter, and thus more portable, by 
custom designing the components in the instrument. This should result in a large decrease 
in size and weight since the components could be designed so they do not perform 
89 
unnecessary functions, duplicate functions already performed by other components, and 
use the latest ASIC technology. 
One unnecessary function that could be eliminated from the Magnescope is the 
digital display on the fluxmeter and gaussmeter. The function of these displays can be 
easily implemented in software and displayed on the computer’s monitor. Since these 
instruments came with displays, they could not be eliminated. 
There are a couple of places were duplicate or redundant functions could be 
eliminated. Some of these include the separate power supplies and separate cases for each 
of the components. Both the size and weight could be reduced by using a central power 
supply to power all the components and eliminate the individual cases. 
Using the latest in ASIC technology, it should be possible to design a chip or two 
that would provide the functions performed by the fluxmeter and gaussmeter. This would 
make these two components small enough that they could be incorporated into the data 
acquisition system. 
The instrument could also be made easier to use by eliminating most of the control 
settings on the instrument and having these control settings handled by the computer. Many 
of these settings, like the gaussmeter and fluxmeter ranges, are needed by the software now 
and must be entered into the computer as well as on the instrument. This change could be 
easily added if the individual components were custom designed. 
7.2. MAGNUM 
The software package, MAGNUM, performs the functions of process control, data 
acquisition, and data analysis for the Magnescope. Many of the unique capabilities of the 
Magnescope are derived from this program. Algorithms contained in MAGNUM have been 
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developed to perform a wide range of magnetic inspections and to prepare the material and 
instrument for the various inspections. 
7.2.1. Summary of the improvements 
As discussed in this thesis, numerous improvements have been made to 
MAGNUM. These improvements have added many new capabilities and features to the 
program and made the program easier to use, maintain, and modify. 
Internal changes that improved the structure and organization of MAGNUM made it 
much easier to work with from a programmer’s perspective. These changes involved 
organizing the large number of global variables used, using header files to consolidate all 
the declarations, and using object-oriented programming to organize all the functions that 
are used to implement the various inspection routines. 
The ability to use the SI system of units was added. This allowed both systems of 
units currently employed by the magnetism community to be used. The program can utilize 
either system for all functions and can easily convert between the two systems. 
MAGNUM also included the option to adapt to different hardware configurations. 
This allows MAGNUM to be used on other inspections systems besides the Magnescope 
Mark II, like the Magnescope Mark I and the Multiparameter Magnetic Inspection System 
that were described in Chapter 2. This ability to adapt to different hardware should also 
allow MAGNUM to easily adapt to future hardware changes to the Magnescope. 
New inspection and analysis routines were added to MAGNUM. These include the 
stress analysis routine, the initial magnetization routine, and the anhysteretic magnetization 
routine. The addition of these routines have increased the capabilities of this program. 
The macro feature added to the program allows the user to automate the processing 
and analysis of the acquired data. All the file and data processing functions, and the plotting 
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functions can be performed by macros. The use of macros have greatly improved the speed 
and accuracy of performing data analysis, especially when a large number of data sets are 
involved in the analysis. 
Some other features that were added to MAGNUM include configuration files, 
improving how file names are entered for new inspections, saving the calculated parameters 
to a disk file, and a help facility. These smaller improvements have added considerably to 
the user-friendliness of MAGNUM. 
All these improvements to MAGNUM have made the program much easier to use 
and more powerful, allowing the user to perform and analyze inspections both faster and 
more accurately. The changes have also resulted in the program being more stable, easier to 
maintain, and easier to add new features. 
7.2.2. Future improvements 
MAGNUM could still be improved in a couple of areas. One area that was not 
improved due to time limitations was the user interface. The present user interface is quite 
primitive making it very hard to make the program easy and intuitive to use. With a new 
user interface, MAGNUM would be able to use more intuitive controls in its dialog boxes, 
be able to execute menu commands from the keyboard, and have a more sophisticated help 
facility. 
Improvements can always be made in the organization of the user interface to make 
it more intuitive and easier to use. One example is the loading of inspections. MAGNUM 
gives the appearance that multiple inspections are being loaded, where actually loading one 
inspection caused the previously loaded inspection to be removed from memory. All 
operations are performed on the last loaded inspection which is not necessarily the 
inspection being examined by the user. MAGNUM should support loading multiple 
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inspections into memory allowing the user to perform operations on the currently selected 
inspection. 
Other improvements that could be made to MAGNUM include: adding new 
inspection routines, calculating additional parameters, adding new analysis models, and 
adding additional data processing procedures. As research continues in using magnetic 
properties for material evaluation, new procedures, parameters, and models will be 
developed and MAGNUM should be updated to use these new methods. 
One of these new methods being developed deals with the relationship between the 
measured magnetic properties and the actual magnetic properties. The relationship between 
these two are not the same due to the interaction between the sample and the C-core in the 
inspection head. A transfer function is being developed to remove the effects of the 
inspection head in the measurements. This transfer function could be used to calculate more 
fundamental parameters which may prove more useful for material evaluation. 
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APPENDIX A: CALIBRATION INSTRUCTIONS 
A.l. First Time Calibration of Inspection Head with 9-pin Plug 
1. Plug in inspection head making sure the front connector on the gaussmeter is 
unused. 
2. With “cal” button pushed in, adjust “cal” pot on gaussmeter so the display reads 
“1.000”. 
3. Insert the hall plate into a zero gauss chamber. 
4. Switch to an appropriate scale and adjust the zero controls for zero on the meter. 
5. Insert the hall plate into a reference magnet and adjust the resistor connected 
between pins 3 and 6 of the 9-pin plug until the meter reading corresponds to 
the actual flux value of the reference magnet. 
6. Inspection head is now calibrated. 
A.2. Calibration of Inspection Head with 9-pin Plug after First Calibration 
1. Plug in inspection head making sure the front connector on the gaussmeter is 
unused. 
2. With “cal” button pushed in, adjust “cal” pot on gaussmeter so the display reads 
“1.000”. 
3. Inspection head is now calibrated. 
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A.3. First Time Calibration of Inspection Head with 4-pin DIN Plug. 
(Mark I Inspection Head) 
1. Connect the inspection head using the Mark I adapter making sure the front 
connector on the gaussmeter is unused. 
2. Insert the hall plate into a zero gauss chamber. 
3. Switch to an appropriate scale and adjust the zero controls for zero on the meter. 
4. Insert the hall plate into a reference magnet and adjust “cal” pot on the 
gaussmeter until the meter reading corresponds to the actual flux value of the 
reference magnet. 
5. Push in the “cal” button and record the reading on the display. This number will 
be used to calibrate the inspection head in the future. 
6. Inspection head is now calibrated. 
A.4. Calibration of Inspection Head with 4-pin DIN Plug after First 
Calibration. (Mark I Inspection Head) 
1. Connect the inspection head using the Mark I adapter making sure the front 
connector on the gaussmeter is unused. 
2. With “cal” button pushed in, adjust “cal” pot on gaussmeter until meter reading 
corresponds to the number recorded for this inspection head the first time it was 
calibrated. 
3. Inspection head is now calibrated. 
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APPENDIX B: MAGNUM HEADER FILES 
B.l. MP.H 
/* 
MP.H : MP header file 
Last revised : 20 May 1992 
Author t Alan Eichmann 
*/ 
#include <conio.h> 
#include <ctype.h> 
#include <dir.h> 
#include <dos.h> 
#include <graphics.h> 
#include <math.h> 
#include <setjmp.h> 
#include <stdio.h> 
#include <string.h> 
#include <stdlib.h> 
#include <time.h> 
extern "C" { 
#include "van.h" 
}? 
#include "mp-func.h" 
#def ine SLOW -1,0 
#define FAST 1.0 
#define OPERATE_INTEGRATOR 0 
#define RESET_INTEGRATOR 1 
#define MUTE_SERVO 0 
#define OPERATE_SERVO 1 
#define PEN_DOWN 0 
#define PEN_UP 1 
#define SKIP -1.3e29 
#define SKIP_TEST -1.2e29 
#define IEEE board address 1040 
#define IEEE controller address 1 
#def ine IEEE_wait_intrl () while (! ((int_l_stat = inportb (port_l)) 
#define IEEE_adtl() IEEE_wait_for_TC I (0xf7) 
typedef struct { 
int valid; 
int number; 
int fsv; 
float factor[2]; 
} Analog_channel; 
typedef struct { 
int valid; 
int number; 
int remote; 
int read_digits; 
int lef t__digits; 
int right_digits 
} IEEE_struct; 
typedef struct { 
Analog_channel channel; 
int range; 
} Gaussmeter_struct; 
typedef struct { 
Analog_channel 
int 
int 
int 
int 
int 
float 
} Fluxmeter_stract; 
channel; 
range; 
multiplier; 
turas_flag; 
turns; 
area_flag; 
area; 
typedef struct { 
Analog_channel channel; 
} Strain_struct; 
typedef struct { 
IEEE_struct ieee; 
} Counter_struct; 
typedef struct { 
char path[ 34 ]; 
char base[8]; 
int count_type; 
int count [ 3 ]; 
} Filename_struct; 
typedef struct { 
int input_channel; 
int gain_r ange; 
int update_rate; 
int relative_monitor; 
int resolution; 
int x_axis_time; 
} Drift_zero_stract; 
typedef struct { 
int H; 
int B; 
int M; 
int flux; 
int wh; 
int perm; 
int X; 
} Precis_struct; 
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typedef struct { 
char H[9]; 
char B[ 9 ]; 
char M[ 9 ]; 
char flux[9]; 
char wh[9]; 
char perm[9]; 
char X[ 9 ]; 
} Unit_struct; 
typedef struct { 
int 
float 
float 
int 
float 
float 
int 
float 
int 
float 
int 
float 
int 
float 
} Hyst_struct; 
max_index; 
max_H; 
max_B; 
min_index; 
min_H; 
min_B; 
rindexjp; 
bip; 
rindexjn; 
him; 
cindexjp; 
hep; 
cindex_m; 
hesn; 
typedef struct 
float 
float 
float 
float 
float 
float 
float 
} H_B_struct; 
{ 
avg; 
min; 
max; 
m; 
P? 
offset; 
center_offset; 
typedef struct { 
float han; 
float hep; 
float brm; 
float brp; 
float loop_tip; 
} Permeability_struct; 
typedef struct { 
float simple[2]; 
float lst_sqr; 
} Initial_perm_struct; 
typedef struct { 
HJB_struct 
H_B_struct 
Permeabi lity_s t ruct 
Permeability_struct 
Initial_perm_struct 
float wh; 
} Parms_struct; 
He; 
Br; 
simple_permeability; 
lst_s qr_permeabi lity 
initial_permeability 
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typedef struct { 
char ♦name; 
char ♦filename; 
time_t file_time; 
int data_j?oints; 
int sys; 
char *data_type; 
} Info_struct; 
typedef struct { 
float noise_floor; 
float peakl; 
float peak2; 
int peakl_index; 
int peak2_index; 
float peak_average; 
float peak_separation; 
float max count rate; 
} MBE_struct; 
typedef struct { 
int data exists; 
long int data [1024], /* MBE 
smoothed [1024], 
max_count, 
max_height, 
area; 
int max_count_loc; 
int max_height_1oc; 
float max_count_location; 
float max height location; 
float M; 
} MBE_spectrum_struct; 
typedef struct { 
char ♦filename; 
char ♦name; 
char *plot_name; 
int replacement; 
int total_x_pixels; 
int total_y_pixels; 
int section_start; 
int section_stop; 
int skip_skip; 
int x_data_type; 
int vertical_axis_mode; 
int vertical_scaling_mode; 
char ♦max x label; 
struct { 
float *data; 
float min, max; 
char *axis_label; 
char *units; 
> y; 
struct { 
int numJLines; 
int start_row; 
int start_col; 
int vert_spacing; 
char plotjtext [8] [4 
} textl, text2, text3; 
} Plot_struct; 
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class Inspection { 
protected: 
float *H; 
float *B; 
float area; 
char name[72]; 
char filename[72]; 
time_t filejtime; 
int data_points; 
int sys; 
char data_type[ 72 ]; 
int ent r ies__per_l ine 
int analysis_ok; 
float gscale; 
float fscale; 
float gthr; 
float fthr; 
public: 
Inspection (int size = 3000) 
{ 
H = new float [size]; 
B = new float [size]; 
>; 
virtual -Inspection () 
{ 
delete H; 
delete B; 
} f 
virtual void run_inspection (int hmax, int d, char * label) = 0; 
virtual int calculate_parms () = 0; 
virtual void write_data_parms () = 0; 
virtual void print_parameters () = 0; 
virtual int plot_data (Plot_struct *plot_j>anns, int data_type, int plot 
void plot_hysteresis_data (Plot_struct *plot_parms, int plot_type); 
virtual void get_parms (Parms_struct *parms) = 0; 
virtual void insp_func (int function, char *parm = NULL); 
virtual void parmJList (char *parms [ ], int *num_paxms) = 0; 
virtual int write__parms (int use [], int system, FILE *outfile) = 0; 
int save_data (int mode, char * filename); 
virtual int save_data_values (int mode, char ^header, FILE *outfile); 
void fill_header_block (char *header); 
int load_data (int mode, char *header, char *path, char ♦file, 
char* type, int units, int n); 
virtual int load_data_values (int mode, char *header); 
int read_header__block (char *header, int SMBE_spectrum_exists, 
long int Schecksum); 
void con vert _dat a_s et (); 
int delete_initial_jpoints (int points); 
void delete__f irst_points (int points); 
void delete_last_point (); 
void change_name (); 
void information (Info_struct *info); 
void print_B_H (); 
void print_data (); 
virtual void init_inspection (int& zero_x, int& zero_y, 
floats scale_x, floats scale__y); 
virtual int finish_inspection (char *label); 
virtual void acquire_data (int k); 
float differential_permeability (int i); 
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}; 
float differential_susceptibility (int i); 
float calculate_j)ermeability (float H [], float B [], 
int start_index, int entry_count); 
/* Functions defined for the Inspection class */ 
#define OFFSET_H_VALUES 0 
#define OFFSET_B_VALUES 1 
#define SCALE_H_VALUES 2 
#define SCALE_B_VALUES 3 
#define THREE_POINT_SMOOTH_H 4 
#def ine THREE_POINT_SMOOTH_B 5 
#define FIVE_POINT_SMOOTH_H 6 
#define FIVE POINT SMOOTH B 7 
class Loop : public Inspection { 
protected: 
HJB_struct 
H_B_struct 
Permeability_struct 
Permeability_struct 
Initial_j?erm_struct 
MBE_spectrum_struct 
float 
float 
float 
float 
float 
float 
int 
float 
int 
int 
He; 
Br; 
simple_j>enneability; 
lst_sqr_permeability; 
initial_permeability; 
MBE_spect rum; 
wh; 
drift; 
asymrvetry; 
Btn; 
Bs; 
loop_maxiiTTUin_pernveability; 
dr i f t_index 1, dr i ft_index2; 
drift_referencel, drift_reference2; 
coerc ive_index 1, coerc ive_index2; 
min iinum_index; 
public: 
Loop (int size * 3000) : Inspection (size) 
{ 
MBE_spectrum.data_exists = 0; 
} t 
void run_inspection (int hmax, int df char *label); 
int calculate_peLnns (); 
void write_data_parms (); 
virtual int write_other_data_j>€Lnns (char *start); 
void print_parameters (); 
virtual void print_ather_parms (); 
int plot_data (Plot_struct *plot_parms, int data_type, int 
void get_parms (Parms_struct ♦parms); 
void insp_func (int function, char *parm = NULL); 
void pemn_list (char ♦parms [ ], int *num_parms); 
int write_parms (int use [], int system, FILE *outfile); 
void center_curve (); 
void subtract_linear_drift (); 
void subtract_MBE_poisson_f it (); 
void MBE_spectrumjparms (); 
void write_MBE_data (int data-set, float *y_data = NULL, 
char *filename * NULL); 
void load_MBE_data (); 
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privatei 
float poisson (int n, double multiplier); 
int analyze_hysteresis__curve (int nloops, Hyst_struct *hyst, 
int *end_index); 
int next_points_ok (int base index); 
>? 
/* Functions defined for the Loop class */ 
#define CENTER_CUKVE 16 
#def ine EQUALIZE_EXTREMES 17 
#define SUBTRACT_LINEAR_DRIFT 18 
#define SUBTRACT_MBE_POISSON_FIT 19 
#define WRITE MBE DATA 20 
class Sloop : public Loop { 
float *ms; 
f loat *MBE_count_rate; 
float min_magnetostr iction; 
float max_magnetostriction; 
MBE_struct MBE; 
private: 
float sscale; 
float sthr; 
public: 
Sloop (int size =» 3000) i Loop (size) 
{ 
ms = new float [size]; 
MBE_count_rate * new float [size]; 
}? 
-Sloop () 
{ 
delete ms; 
delete MBE_count_rate; 
} f 
void init_inspection (intS zero_xf int& zero__y, floats scale_xr floats s 
int finish_inspection (char *label); 
void acquire_data (int k); 
int calculate_parms (); 
int save_data_values (int mode, char *header, FILE *outfile); 
int load_data_values (int mode, char ^header); 
int write_other_data_parms (char *start); 
void delete_first_points (int points); 
void print_data (); 
int plot_data (Plot_struct ♦plot_parms, int data_type, int plot_type); 
void insp_func (int function, char *parm * NULL); 
void parm_list (char *p«oms [ ], int *num_parms); 
int writejparms (int use [], int system, FILE *outfile); 
/* Functions defined for the Sloop class */ 
#define OFFSET_MS_VALUES 32 
#def ine SCALE_MS_VALUES 33 
#define THREE_POINT_SMOOTH_MS 34 
#define FIVE POINT SMOOTH MS 35 
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class Initl : public Inspection { 
Initial_perm_struct initial_j>ermeability; 
float max__penneability; 
public: 
Initl (int size ■ 3000) ; Inspection (size) { }; 
void run_inspection (int hmax, int d, char *label); 
int calculatejpazms (); 
void write_data_parms (); 
void print_parameters (); 
int plot_data (Plot_s" net *plot_parms, int data_type, int plot_type); 
void get_parms (Parms_ cruet *parms); 
void parm_list (char *parms [ ], int *num_j>arms); 
int write_parms (int use [], int system, FILE *outfile); 
}; 
class Anhys : public Inspection { 
Initial__perm_struct initial_permeability; 
public: 
Anhys (int size =17) : Inspection (size) { }; 
void run_inspection (int hmax, int d, char *label); 
int calculate_parms (); 
void write_data_parms (); 
void print_parameters (); 
int plot_data (Plot_struct *plot_paunns, int data_typef int plot_type); 
void get_parms (Parms_struct *parms); 
void parm__list (char *parms [ ], int *num_j>amis); 
int write__parms (int use [], int system, FILE *outfile); 
}; 
#define MACRD_SIZE 14 
class Macros { 
struct macro_struct { 
char name [ 32 ]; 
char proc [MACRO_SIZE] [32 ]; 
int idl [MACRO_SIZE]; 
int id2 [MACRO^SIZE]; 
int id3 [MACRO_SIZE] ; 
char *id4 [MACRO_SIZE]; 
} macro [5]; 
public: 
void initl (); 
void run (int set); 
void imilti_run (int set); 
void edit (int set); 
void load (); 
void save (); 
private: 
void fnprocess (char *result, char *input); 
}} 
#include “mp-var.h 
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B.2. MP-VAR.H 
/* 
MP-VAR.H i MP global variable declaration header file 
Written t 16 Sept 1991 
Last revised i 14 May 1992 
Author : Alan Eichmann 
*/ 
/* Global constants */ 
extern const float M_4PI, 
perm0[2]; 
extern const Unitjstruct unit [ 2 ]; 
extern const int gain[4][4]; 
/* Configuration global variables. */ 
extern int inversion_ccmpensatian, 
adaptive_mode, 
manual_scaling, 
save_fitted_plot_data, 
lookahead_points, 
permeabilityjE it_points, 
interleave, 
anhys_passes, 
savemode; 
extern float initial_pexmeability_cutoff[2], 
j itter_limit [ 2 ]; 
extern Fluxmeter_struct fluxmeter; 
extern Gaussmeterjstruct 
extern Strain_struct 
extern Counter^struct 
extern int 
extern Precis_struct 
extern int 
gaussmeter; 
strain, 
spare_analog; 
counter, 
spare_ieee; 
unit_sys; 
precis[2]; 
pca_valid; 
pca_menvory_j>aragraph; extern unsigned int 
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extern int field_set_delay[2], 
AD_type, 
hmax, 
auto_analy ze, 
view_acquire, 
print_MBE_spectrum, 
pause_between_steps; 
extern Filename_stract save_filename 
extern Drift_zero_struct drift_zero; 
extern char manual_procedure_A [ 7 ] [ 9 ], 
manual_procedure_B [ 7 ] [ 9 ]; 
/♦ Other global variables. */ 
extern FILE ♦infile; 
extern char ♦buffer, 
label [80]; 
extern int IEEE_valid, 
screen_position, 
display_xnessages; 
extern float H_ext, 
B_ext; 
extern Inspection ♦insp; 
extern Macros macro; 
extern _WM_que’ ae info_node, 
view_node, 
paramet er_node, 
plot_node, 
mes sagejnode, 
helpjiode; 
queue 
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B.3. MP-FUNC.H 
/* 
MP-FUNC.H s MP global function declaration header file 
Written *13 Sept 1991 
Last revised * 20 May 1992 
Author s Alan Eichmann 
*/ 
/* Functions from MP.CPP */ 
int data_exists (void); 
void clear_status (void); 
void status (char ^message); 
int click (void); 
int mousehit (void); 
/* Functions from MP-DA.CPP */ 
void program_info (char *routine_name, int routine, int pause, int pause_enable) 
int init_data_acq (void); 
void pc*/er_supply (int value, float i); 
float read_AD (int g, int channel); 
void control (int integrator, int servo, int pen); 
float calculate_gscale(void); 
float calculate_fscale(void); 
float calculate_sscale (void); 
void demag (int hmax, int d); 
void haltr (int d, int routine); 
void stress (int routine); 
void run_manual_inspection (void); 
void run_inspection_cycle (char procedure [ ] [9]); 
/* Functions from MP-CALC .CPP */ 
void offset_data_values (float [], int); 
void scale_data__values (float [], int, char *, char *); 
void three_point__smooth (float [ ], int); 
void five_point_smooth (float [], int); 
void in vers ian_ccmp (float *H, float *B, int data__points); 
/* Functions from MP-IO.CPP */ 
int read_file (char *name, char *message); 
int file_exists (cheu: ^filename); 
int get_filename (char *filename); 
void write_parros_to__file (char *); 
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/* Functions from MP-PLOT.CPP */ 
void plot_insp (int destination, int datajtype, int plot_type); 
void change_plot_scaling (void); 
/* Functions from MP-CONF .CPP */ 
void configure_general (void); 
void configure_analysis (void); 
void configure_data (void); 
void configure_inspection (void); 
void configure_inspect_ranges (void); 
void conf igur e_inspect_j?rocedure (void); 
void configure_filename (void); 
int read_configuration_file (char *config_filename); 
int write_configuratian_file (char *config__filename); 
void read_configuration (void); 
void write_configuration (void); 
/* Functions from MP-UTIL.CPP */ 
void drift_zero_monitor (void); 
/* Functions from MP-IEEE .C */ 
extern "CH { 
void IEEE_init (void); 
void IEEE_adc (void); 
void IEEE__llo (void); 
void IEEE_read_string (unsigned address, char ^string); 
void IEEE_write_string (unsigned address, char ^string); 
void IEEE_ppu (void); 
void IEEE_sdr (unsigned address); 
void IEEE_unlisten (void); 
void IEEE_untalk (void); 
void IEEE_output_listen_address (unsigned address); 
void IEEE_output_talk_address (unsigned address); 
void IEEE_wait_for_TCI (unsigned canrvand); 
/* Functions from MP-PCA.C */ 
extern "C" { 
void pca__init (void); 
void pca_end (void); 
int finish_pca (char *save_filename, int save_data); 
void set_pca_time (unsigned int time); 
void set_pca_id (char ♦id); 
void save_pca (char *path); 
>? 
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/* Functions from MPASM.C */ 
extern MC" { 
void pascal pca_func (unsigned int pca_segment, unsigned int pca_offset, 
unsigned int pca_func_offset, int function); 
void pascal pca_parm (unsigned int pca_segment, unsigned int pca_offset, 
unsigned int pca_func_offset, int pca_variable, 
int value);. 
void pascal pca_parm_addr (unsigned int pca_segment, 
unsigned int pca_offset, 
unsigned int pca_func_offset, 
int pca_variable, unsigned int *parm_segment, 
unsigned int *paxm_offset); 
>; 
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APPENDIX C: HELP 
C.l. Options Settings 
The settings for the various dialog boxes which are under the 
Options Menu are explained here. 
GENERAL SETTINGS 
- Choose whether data acquisition system is a Tecmar Lab 
Master DMA with gains of 1, 10, 100, 500 or with gains 
of 1, 2, 4, 8, or a MetraByte DAS-20. 
DATA SETTINGS 
Units 
Use SI units instead of EMU units - If checked, the SI 
system of units will be used as the default system 
of units. Otherwise the EMU system will be used. 
The default system of units is used in the various 
dialog boxes and when new inspections are made. 
Files loaded will use the system of units that the 
file is in. 
Format 
Number of digits after decimal place - The number of 
digits after the decimal place that will be 
displayed or printed out for the various quantities 
used. Different values can be specified for the 
different system of units. 
ANALYSIS SETTINGS 
Data Analysis 
Inversion compensation - If checked the data will be 
flipped so the hysteresis loop is correctly 
orientated. (So the initial magnetization curve in 
the 1st quadrant.) 
110 
Calculate upper cutoff limit - If checked, the analysis 
routine will calculate the upper cutoff limit for 
initial permeability. 
Least squares fit points - Number of points to use in 
the least squares fits. 
Initial Permeability 
Display interleave - The number of points used in simple 
derivative permeability display. The actual number 
of points used is twice this value plus 1, i.e. a 
value of 2 will yield a 5-point dB/dH display. This 
is used in calculating the n-point dB/dH displayed 
in "delete initial points" and in the print out of 
B and H values. 
Upper cutoff limit - Maximum value of H used in initial 
permeability calculations. 
Maximum jitter level - Minimum increment in H between 
points used in initial permeability calculations. 
Lookahead level - The number of points ahead of the 
current point that must also be acceptable for a 
point to be considered acceptable. 
MBE Pulse Height 
Save fitted plot data - If checked, the MBE spectrum 
after exponential fit subtraction will be written 
to a file. 
Print spectrum - If checked, the MBE pulse height 
spectrum will be printed. 
Anhysteretic 
Number of passes - The number of passes the anhysteretic 
curve is to be acquired over. The first pass will 
acquired data going up the curve. The second pass 
will acquire data going back down the curve and so 
forth. 
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NSPECTION SETTINGS 
Analog Input Signals 
Use - If checked instrument will be used, otherwise it 
will not be used. 
Ch - The channel number on the A/D converter the 
instrument is connected to. 
FSV - Full Scale Voltage. The output voltage of the 
instrument at full scale. The voltage read from the 
instrument is divided by this value. 
Conv. Factor - A conversion factor which the measurement 
is multiplied by to convert the measurement into 
the specified units. This conversion factor after 
multiplied by the instrument range setting should 
represent the value in the specified units that the 
full scale voltage represents. 
Digital Input Signals (IEEE/488) 
Use - If checked instrument will be used, otherwise it 
will not be used. 
Ch, Remote, Read, Left, Right - (Presently not used.) 
Pulse Height Analyzer 
Use - If checked instrument will be used, otherwise it 
will not be used. 
Card memory segment - (Presently not used.) 
Power Supply 
Slow settling time - Delay time after each power 
supply change. Used in inspection routines like 
SLOOP and INITL. 
Fast settling time - Delay time after each power 
supply change. Used in routines like DEMAG and 
ANHYS. 
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C.2. Inspect Settings 
The settings for the various dialog boxes which are under the 
Inspect Menu are explained here. 
RANGE SETTINGS 
Equipment Ranges 
Gaussmeter range - Range the gaussmeter is set to. 
Fluxmeter range - Range the fluxmeter is set to. 
Multiplier - The multiplier the fluxmeter is set to. 
Data Scaling 
Flux coil cross-sectional area - Enter the flux coil's 
cross-sectional area or check "on meter" if the 
meter includes the area. When "on meter" is checked 
the value entered is ignored. 
Number of flux coil windings - Enter the number of flux 
coil windings or check "on meter" if the meter 
includes the turns. When "on meter" is checked the 
value entered is ignored. 
Applied Field 
Maximum field amplitude - D/A will swing no more than 
+/- the counts in this field when controlling the 
power supply. 
SAVE FILENAME 
Path for saved data files - The default path to be used 
to save data files. 
Base file name - A base file name, no more than 6 
characters long, which will be combined with a 
count to generate a default filename to be used to 
save data files. 
00-99 or A-Z - Choose between a count sequence of 00-99 
or A-Z. 
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Start count at - The value of the count sequence that 
will be used the next time data is acquired. 
INSPECTION PROCEDURE 
Output Options 
Auto-analysis inspection results - If checked, 
inspection results will be analysis after the 
inspection is complete. 
Save using ASCII instead of binary - If checked, the 
inspection data after completing an inspection 
procedure will be saved using the ASCII text file 
format. Otherwise the binary file format will be 
used. 
Monitor inspection - If checked, full screen plot of the 
inspection will be plotted as the data is acquired. 
Pause between steps - If checked, the user will be asked 
to continue the execution of a procedure sequence 
between each step in the procedure. 
Procedure 
- Enter the procedure steps for 2 procedure sequences. 
Each procedure sequence can have up to 6 steps and 
each of the steps can be any of the following 
routines: DEMAG, SLOOP, 3SL00P, INITL, ANHYS, 
STRESS, and HALTR. 
PROCEDURES 
HALTR - Used to set the output current on the power 
supply. 
DEMAG - Used to demagnetize the sample and must be ran 
before running SLOOP, 3SL00P, or INITL. 
SLOOP - Used to obtain a hysteresis loop from the 
sample. DEMAG should be ran before this 
procedure. 
3SLOOP - Used to obtain 3 hysteresis loops from the 
sample. Parameters from this measurement are 
an average of the 3 parameters obtained from 
each loop. DEMAG should be ran before this 
procedure. 
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INITL - 
ANHYS - 
STRESS 
Used to obtain the initial magnetization curve 
of the sample. DEMAG should be ran before this 
procedure. 
Used to obtain the anhysteretic magnetization 
curve of the sample. It is not necessary to run 
DEMAG before this procedure. 
- Performs 3 DEMAG/SLOOP inspections on a sample 
when it is under zero stress, a maximum stress, 
and an unknown stress. It will then calculate 
the unknown stress. 
115 
C.3. Macro Help 
The operation of each of the commands under the Macro Menu 
are explained here. 
Run: 
- This command will execute the selected macro on the 
current inspection in memory. 
Multi-File Run: 
- This command will execute the selected macro on a group 
of inspections files. A file pathname will be asked for 
which specifies the group of files to use. A full 
pathname should be entered with wildcard characters used 
for the file name. Some examples of pathnames: 
"C:\data\*.*" - All files in the C:\data directory. 
"C:\data\test*.*" - All files in the C:\data directory 
whose first 4 characters are 'test' 
Edit: 
- This command is used to add or change the macro commands 
in the selected macro. 
Macro Name: 
- This name is used in the macro menu to select this 
macro. 
Commands: 
1. Up to 14 commands may be entered. 
2. Commands with an ’*' as the first character is treated 
as a comment and are ignored. 
3. Commands can be entered in either upper or lower case 
and have at least one space character between words and 
parameters. 
4. Commands that can be used are listed in the "Macro 
Commands" help section. 
5. In the command list, parameters in parentheses are 
optional, otherwise the parameters are required. 
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6. To specify the file name to be used in the save 
commands, the optional parameter (filename) is used. 
The file name that will be used is a composite of 
the default file name and what is specified in this 
parameter. Any file name part (drive, path, name, or 
extension) specified in the parameter will be used 
instead of that part in the default file name. The 
following shows some example parameters and the file 
name that results. 
Using a default file name of: C:\data\samplel.dat 
(filename) parameter 
.out 
b:\.out 
b:.out 
\results\.out 
testl 
Resulting file name 
C s\data\sample1.out 
B:\samplel.out 
B:\data\samplel.out 
C:\results\samplel.out 
C:\data\testl.dat 
7. If a save command is unable to create the file, the 
user will be prompted with the save file dialog box. 
Load set: 
- This command will load a set of 5 macros from a disk 
file. 
Save set: 
- This command will save the current 5 macros to a disk 
file. 
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C.4. Macro Commands 
Macro Procedure Commands 
File menu commands: 
1. "SAVE BIN (filename)" - Saves the inspection data to a 
binary format file. The current file name for this 
inspection will be the default file name. See 
the macro help section for information on the 
filename parameter. 
2. "SAVE TEXT (filename)" - Saves the inspection data to a 
text or ASCII format file. The current file name 
for this inspection will be the default file name. 
See the macro help section for information on the 
filename parameter. 
3. "SAVE MBE (filename)" - Saves the MBE data to a file. The 
current file name for this inspection will be the 
default file name. See the macro help section for 
information on the filename parameter. 
4. "SAVE PARMS (filename)" - Saves selected parameters from 
an inspection to a file. The current file name for 
this inspection will be the default file name. See 
the macro help section for information on the 
filename parameter. 
5. "PRINT PARMS" - Prints out the parameters of the current 
inspection. 
6. "PRINT B&H" - Prints out the B and H data from the current 
along with calculated values for M, dB/dH, and 
n-pt dB/dH. 
7. "PRINT DATA" - Prints out all the collected data from the 
current inspection. 
Data menu commands: 
1. "UNITS" - Changes the system of units to the other system. 
2. "EQUALIZE" - Equalize the extremes of the hysteresis curve. 
3. "CENTER" - Centers the curve on the intercepts. 
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4. "DRIFT" - Corrects drift due to the fluxmeter. 
5. SMOOTH parml parm2" - Smooth the H and/or B data using 
either a 3 or 5 point window. 
parml = "3P" - 3-point window. 
"5P" _ 5-point window. 
"5P3T" - 5-point window (3 times). 
parm2 = "H" - H values only. 
"B" - B values only. 
"HB" - Both H and B values. 
"MS" - Magnetostriction data. 
6. "OFFSET parml" - Offset data by the first data point. 
This makes the first data point zero. 
parml = "H" - H values only. 
"B" - B values only. 
"HB" - Both H and B values. 
"MS" - Magnetostriction data. 
7. "SCALE parml (parm2)" - Scale by a constant. 
parml = "H" - H values only. 
"B" - B values only. 
"HB" - Both H and B values. 
"MS" - Magnetostriction data. 
(parm2) = Floating point constant used to scale 
the data. If not present user will be 
asked during execution. 
8. "DEL INIT (parml)" - Delete initial data points. 
(parml) = Number of data points to delete. If not 
present user will be asked during 
execution. 
9. "DEL LAST" - Delete the last data point. 
Plot menu commands: 
1. "PLOT parml parm2 parm3" - Plots the data specified by 
parm2 and parm3 using the plot method specified by 
parml. 
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parml = "REPLACE" - Plot using the current plot 
window, replacing the plot in 
that window. 
"FULL" - Plot using a new full-screen 
window. 
"1/4" - Plot using a new 1/4-screen 
window. 
"FILE" - Save the plot to a file in HP-GL 
format. 
"PLOTTER" - Send plot to the plotter. 
"LASER" - Send plot to the laser printer. 
parm2 = "B&H" - Plot all 
parm3 = tt ^ tt 
"2" 
"3" 
H ^ H 
H ^ H 
"6" 
B and H inspection data. 
B vs. H 
B-H vs. H 
M VS. H 
0 VS. H 
p' VS. H 
X' vs. H 
"MAJOR" - Plot 
loop 
parm3 = "1" 
" 6" 
only the major hysteresis 
data. 
- B vs. H 
- B-H VS. H 
- M VS. H 
- 0 vs. H 
- P' VS. H 
- X' vs. H 
"MS" - Plot the magnetostriction data. 
parm3 = "1" - lambda vs. H 
"2" - lambda vs. B 
"3" - d(lambda)/dH vs. H 
"4" - d(lambda)/dB vs. B 
"BCR" - Plot the Barkhausen count rate. 
parm3 = "" - not used, leave blank. 
"PAD" - Plot the Barkhausen pulse-size 
analysis data. 
parm3 = "1" - N vs. A 
"2" - dN/dA vs. A 
"3" - d2N/dA2 vs. A 
"4" _ N-fit vs. A 
"SPAD" = Plot the smoothed Barkhausen 
pulse-size analysis data. 
parm3 = "1" - N vs. A 
"2" - dN/dA vs. A 
"3" - d2N/dA2 vs. A 
"4" - N-fit vs. A 
